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EXECUTIVE SUMMARY

The California State Coastal Conservancy (Conservancy) has prepared this Addendum to the
2003 Invasive Spartina Project, Spartina Control Program Final Programmatic Environmental
Impact Report (2003 FPEIR) to incorporate the use of a new aquatic herbicide, imazapyr, into the
Invasive Spartina Project’s (ISP) Spartina Control Program (SCP). The SCP is a control program
for several species of non-native, invasive cordgrasses (Spartina spp.) in the San Francisco Estu-
ary (Estuary). This Addendum includes an overview of the herbicide imazapyr, its use in the SCP,
and discusses to what degree its use on the currently anticipated acreage of infested cordgrass will
have the potential to cause new significant environmental impacts in the Estuary or to cause a
substantial increase in the severity of significant impacts previously identified in the 2003 FPEIR.

This Addendum is based on a detailed assessment of the risks of imazapyr herbicides, including
surfactants, on water quality, biological resources, and human health and safety. That assessment
concludes that the addition of imazapyr herbicides as a control tool under the SCP would not in-
crease, and in many areas would reduce, the impacts on water quality and ecological and human
health risks compared to glyphosate, the currently approved SCP herbicide, as described in the
2003 FPEIR. The assessment also confirmed that the SCP, as revised by the incorporation of
imazapyr, would have no [different effects than those described in the 2003 FPEIR on other
physical environmental impacts including geomorphology and hydrology, land use, aesthetics, air
quality, noise, cultural resources, and cumulative impacts.

Based on the analysis in this Addendum, no revisions are needed to the 2003 FPEIR because no
substantial changes in the proposed action relevant to environmental concerns have occurred, no
new significant impacts and no substantial increase in the severity of significant impacts previ-
ously identified in the 2003 FPEIR would result from the proposed changes included in the Pro-
ject, no substantial changes to environmental circumstances have occurred since the 2003 FPEIR
was certified in September 2003, and because no new information relevant to environmental con-
cerns bearing on the proposed action has come to light that would indicate the potential for new
significant impacts not discussed in the 2003 FPEIR.

Spartina Control Program FPEIR 1 Addendum
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1.0 Introduction

The California State Coastal Conservancy (Conservancy) prepared this Addendum to the 2003
Invasive Spartina Project, Spartina Control Program Final Programmatic Environmental Impact
Report® (2003 FPEIR) pursuant to the California Environmental Quality Act (CEQA) to incorpo-
rate the use of a new aquatic herbicide, imazapyr, into the Invasive Spartina Project’s (ISP)
Spartina Control Program (SCP or Project). The SCP is a control program for several species of
non-native, invasive cordgrasses in the San Francisco Estuary (Estuary). This Addendum includes
an overview of the herbicide imazapyr and its use in the SCP, and discusses to what degree its use
will have the potential to cause new significant environmental impacts on the Estuary.

1.1  Environmental Impact Report Background

The following subsections provide the background and timing of the 2003 FPEIR.

1.1.1 Notice of Preparation, Initial Study, and Scoping

Pursuant to the requirements of CEQA, the Conservancy issued a Notice of Preparation for a
Draft Programmatic Environmental Impact Report (DPEIR) for the Spartina Control Program on
April 6, 2001. This Notice of Preparation was sent to the State Clearinghouse in the State of Cali-
fornia Office of Planning and Research, which distributed it to applicable State agencies. An Ini-
tial Study also was prepared and a scoping meeting to solicit input on the proposed action and
alternatives was held on April 24, 2001.

1.1.2 Draft Environmental Impact Report

The Conservancy submitted the Draft PEIR (DPEIR) to the State Clearinghouse in May 2003.
The DPEIR was released at that time for a 47-day public review and comment period ending June
4, 2003. The State Clearinghouse circulated the DPEIR to all potentially interested state regula-
tory agencies and departments. Other organizations also received copies of the DPEIR directly
from the Conservancy. The Conservancy held four public meetings in May and June 2003 to ex-
plain and solicit public input on the Project and DPEIR.

1.1.3 Final Environmental Impact Report

The Conservancy received comments on the DPEIR from 16 entities by the close of the public
comment period. The Conservancy prepared responses to comments and distributed them to the
various entities. The Project’s FPEIR was completed in September 2003 and includes the fol-
lowing two volumes:

e Volume | — Final Programmatic Environmental Impact Report/Environmental Impact
Statement (including revised DPEIR and Comments and Responses)

o _Volume Il — Appendices (including Notice of Preparation, Initial Study, technical appen-
dices, and Mitigation Monitoring and Reporting Program)

! The full document title is: San Francisco Estuary Invasive Spartina Project, Spartina Control Program,
Final Programmatic Environmental Impact Statement/Environmental Impact Report, September 2003. This
Addendum to the Environmental Impact Report was prepared pursuant to the California Environmental
Quality Act. The Environmental Impact Statement prepared pursuant to the National Environmental Policy
Act has been determined by the federal Lead Agency (U.S. Fish and Wildlife Service) to be adequate as
written.
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This two-volume document is available under separate cover and is located on the web at
www.spartina.org. A complete administrative record of the EIR process is located at Conser-
vancy offices at 1330 Broadway, Suite 1100, Oakland, California, 94612.

1.1.4 Certification

The State Coastal Conservancy, as the lead agency under CEQA, read and considered the
information contained in the 2003 FPEIR. The Conservancy certified the 2003 FPEIR on
September 25, 2003. The Conservancy filed a Notice of Determination with the State of Cali-
fornia Office of Planning and Research on September 26, 2003.

1.2 CEQA Guidelines for Preparing an Addendum

The CEQA Guidelines identify the decision making process the Conservancy should use to de-
termine the type of CEQA document appropriate for this modification to the 2003 FPEIR
(815164(a) and §15162). The CEQA Guidelines (815164(a)) specify that the lead agency shall
prepare an addendum to a previously certified EIR if some changes or additions are necessary,
but none of the conditions described in Section 15162 calling for preparation of a subsequent EIR
have occurred. According to Section 15162, a subsequent EIR shall not be prepared for the Pro-
ject unless the Conservancy determines, based on substantial evidence in light of the whole re-
cord, that one or more of the following conditions are met:

e Substantial changes are proposed to the Project which will require major revisions to the
2003 FPEIR due to the involvement of new significant environmental effects or a sub-
stantial increase in the severity of previously identified significant effects;

e Substantial changes occur with respect to the circumstances under which the Project is
undertaken which will require major revisions to the 2003 FPEIR due to the involvement
of new significant environmental effects or a substantial increase in the severity of previ-
ously identified significant effects; or

¢ New information of substantial importance, which was not known and could not have
been known with the exercise of reasonable diligence at the time the 2003 FPEIR was
certified as complete, shows any of the following:

— The Project will have one or more significant effects not discussed in the
2003 FPEIR;

— Significant impacts previously examined in the 2003 FPEIR will be substantially
more severe than shown in that FPEIR;

— Mitigation measures or Project alternatives previously found not to be feasible would
in fact be feasible, and would substantially reduce one or more significant impacts on
the environment, but the Conservancy declined to adopt the mitigation measure or al-
ternative; or

— Mitigation measures or Project alternatives which are considerably different from
those analyzed in the 2003 FPEIR would substantially reduce one or more significant
impacts on the environment, but the Conservancy declined to adopt the mitigation
measure or alternative.

Additionally, should the Conservancy determine that one or more of the conditions noted above
apply; the Conservancy may also elect to prepare a supplemental EIR. Specifically, CEQA
Guidelines, Section 15163, specifies that the lead agency shall prepare a supplemental EIR rather
than a subsequent EIR if:

e Any of the conditions described in Section 15162 above would require the preparation of
a subsequent EIR, and

Spartina Control Program FPEIR 3 Addendum
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e Only minor additions or changes would be necessary to make the previous EIR ade-
quately apply to the ISP’s Spartina Control Program in the changed situation.

1.3  Tiering: CEQA Review for Site-specific Invasive Spartina Control
Projects

The 2003 FPEIR, as augmented by this Addendum, will be used as the basis for site-specific
CEQA analyses that will be prepared by the ISP for each proposed treatment site. Once detailed
treatment plans are developed for each proposed treatment site, including specific herbicide
treatment plans, CEQA assessments will be conducted to determine if the impact analysis and
mitigations in the 2003 FPEIR, as augmented by this Addendum, adequately address and mitigate
the site-specific impacts. Additional mitigation measures may be developed if appropriate to spe-
cific treatment sites and plans. In such cases, appropriate subsequent CEQA documentation and
findings will be prepared.

2.0 Project Description

The Invasive Spartina Project (ISP), Spartina Control Program (SCP or Project) is a program for
controlling the four species of non-native invasive cordgrasses (Spartina spp.) in the San Fran-
cisco Estuary (Estuary). The California State Coastal Conservancy (Conservancy) is the lead
agency under the California Environmental Quality Act (CEQA) for this program and has certi-
fied the Final Programmatic Environmental Impact Report in 2003 (2003 FPEIR). Existing treat-
ment methods for invasive Spartina species analyzed in the 2003 FPEIR include:

e Hand pulling and manual excavation

e Mechanical excavation and dredging

e Mowing, burning, pruning, and flaming
e Crushing and mechanical smothering

e Covering/blanketing

¢ Flooding and draining

o Herbicide application

The change to the Project is the addition of a new aquatic herbicide, imazapyr, and associated
adjuvants, i.e. surfactants and colorants, to the invasive Spartina control methods available to
the ISP. The purpose of this Addendum is to evaluate the potential impacts of adding this
new control method to the SCP.

At the time the 2003 FPEIR was certified, the only herbicides registered by the California Envi-
ronmental Protection Agency (CalEPA) for use in estuarine habitats were glyphosate-based
Agquamaster® and Rodeo®. Imazapyr was unavailable as a treatment method at the time because it
had not yet been registered for aquatic use in California. However, “Habitat® an aquatic imazapyr
formulation, was submitted to CalEPA’s Department of Pesticide Regulation (DPR) in February,
and it is expected to be approved for estuarine use in early summer 2005. The ISP would like to
add imazapyr to the SCP’s treatment options because it has been demonstrated to have several
benefits over the use of glyphosate, such as increased efficacy and fewer limitations on timing of
application, and, as described in this document, it has been found to have very minor potential
adverse effects on the environment.

When it becomes available for use, the ISP intends to use imazapyr in addition to other measures
already approved for use in the Project as described in Sections 2.1-2.3, below. Additionally, be-
cause of the extremely rapid spread of invasive cordgrasses since the 2003 approval of the Pro-
ject, imazapyr may be used on a cumulatively larger area than that originally envisioned in the
2003 FPEIR. That EIR assumed a net area of invasive cordgrasses in the Estuary of approxi-
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mately 500 acres. Current estimates of net areas infested with invasive cordgrasses have doubled
to approximately 1,000 acres (despite treatment of about 450 acres in 2004). The revised Project
could involve the application of imazapyr herbicides to as many as 1,500 acres of tidal wetlands
annually for up to four consecutive years.

2.1 Treating Sites with Imazapyr and Imazapyr/Glyphosate Mixtures

As described above, the revised Project would involve treating some or all of the sites currently
scheduled for treatment with glyphosate herbicides with imazapyr herbicide or gly-
phosate/imazapyr herbicide mixtures. Site-specific selection of control measures would continue
to follow the approach described on page 2-19 of the 2003 FPEIR, and summarized in Table 2-1.

As described in the 2003 FPEIR, treatment methods with herbicides may include manual spray-
ing (directed or broadcast), and aerial spraying from helicopters. Herbicide mixtures will be
sprayed onto target plant surfaces, either manually with backpack sprayers or with spray equip-
ment mounted on trucks, amphibious tracked vehicles, boats, or helicopters (broadcast sprayers or
directed spray apparatus; 2003 FPEIR, p. 2-13). In certain situations, pastes may be applied to cut
stems or solutions wiped or painted on foliage.

Imazapyr. Depending on the application method, Habitat® tank mixes will be applied with vary-
ing concentrations at 1 to 1.5 pounds of the active ingredient imazapyr (as acid equivalent) per
acre (Ib imazapyr a.e. /acre). High-volume handheld sprayers will typically use a spray volume of
100 gallons per acre (gal/acre). Low-volume directed sprayers will use about 20 gal/acre. The
aerial application with helicopters uses a low-volume tank mix of 10 to 30 gal/acre of a 2.5-7.5%
solution of Habitat®. The low spray volumes are necessitated by the relatively small helicopter
tank volume (~50 gallons), which would otherwise require frequent refilling. Helicopter applica-
tions are controlled via global positioning systems (“GPS”) and are therefore quite precise. Ap-
plications via helicopter result in a uniform, vertical deposition onto the plants. Application of
imazapyr herbicide would follow the same guidelines and precautions set forth in the Mitigation
Monitoring and Reporting Plan (MMRP) for the application of glyphosate herbicides.

Glyphosate. Compared to imazapyr, application of glyphosate requires considerably higher con-
centrations of the active ingredient to achieve high levels of efficacy. Depending on the applica-
tion method, the herbicide is applied at a rate of up to ~11 pound of the active ingredient gly-
phosate (as acid equivalent) per acre (Ib glyphosate a.e. /acre). Application methods, timing,
guantities, and mixtures of glyphosate herbicides evaluated in the 2003 FPEIR are described on
pages 2-12 through 2-18. Glyphosate herbicide mixture components, including surfactants and
colorants proposed for use in the Project, are described on pages 3.2-12 through 3.2-15 of the
2003 FPEIR

Imazapyr/Glyphosate Mixtures. According the product labels for Aquamaster® and Habitat®,
both products may be combined with other herbicides. The SCP may combine Aquamaster® and
Habitat® to achieve certain objectives. For example, because imazapyr is much slower acting than
glyphosate, it takes several weeks to months for damage to plants to become visible, potentially
precluding timely follow-up applications on spots that were missed. Research in Washington
State has found that glyphosate, which acts much faster, can be added to imazapyr mixtures to
serve as a brown-down? indicator.

The concentrations and application rates for mixtures of imazapyr, surfactant, and colorant pro-
posed to be used by the Project are shown in Table 1. Table 2, shows the concentrations and ap-
plication rates for mixtures of glyphosate, surfactants, and colorants currently used by the Project.
For glyphosate/imazapyr mixtures, the herbicide concentrations and application rates shown in

2 The term brown-down, or burn-down, refers to the visible effect of browning of leaves or the entire plant after appli-
cation of an herbicide.

Spartina Control Program FPEIR 5 Addendum
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Tables 1 and 2 represent the maxima for each herbicide product. The exact herbicide solution
concentration, the choice of surfactants and colorants, and the determination of application rates
will be based on site-specific conditions and will be described in the Site-specific Plans (“SSPs”),
which are developed annually by the ISP.

Treatment Window. Similar to glyphosate application, imazapyr herbicides would be applied
mid-May through mid-November, to accommodate constraints described in the 2003 FPEIR, pp.
2-17 through 2-21. No changes are proposed to treatment windows or timing for imazapyr.

3.0 Environmental Setting

As described in the 2003 FPEIR, the areas to be treated are located in the tidal wetlands along the
margins of the San Francisco Estuary. The control program would be carried out within the nearly
40,000 acres of tidal marsh and 29,000 acres of tidal flats that comprise the shoreline areas of
Alameda, Contra Costa, Marin, Napa, San Mateo, San Francisco, Santa Clara, Solano, Sonoma,
and Sacramento Counties.

Of the approximately 70,000 acres of tidal wetlands and flats in the Estuary, invasive Spartina
species currently occupy approximately 1,000 acres (as of 2005), mostly in the Central and South
Bay subregions. Invasive Spartina species, primarily Atlantic cordgrass (S. alterniflora) and its
hybrids with the native cordgrass (S. foliosa) are spreading rapidly, and the ISP anticipates the
possible need to treat up to 1,500 acres annually for up to four consecutive years. The baseline
physical conditions in the Estuary are described in detail in Chapter 3 of the 2003 FPEIR.

4.0 Analysis of Environmental Impacts

In order to evaluate the potential impacts of use of imazapyr herbicides, the Conservancy re-
viewed the 2003 FPEIR to identify resource areas that might be affected by this change in the
Project. Because the overall scope of the Project has not changed, and the primary change is the
addition of another herbicide to the already permitted herbicide, the Conservancy determined that
this change would not have the possibility to alter the Project’s impacts on air quality, noise, land
use, visual quality, and cultural resources as presented for glyphosate in the 2003 FPEIR.

In order to determine if there were any possibility for imazapyr to result in increased or new sig-
nificant impacts to water quality, biological resources, and human health and safety that were not
previously identified in the 2003 FPEIR for the use of glyphosate, the Conservancy commis-
sioned a detailed evaluation of the use of this herbicide in the San Francisco Estuary (Leson &
Associates, May 2005). The evaluation presented in the Leson & Associates report regarding the
use of an imazapyr herbicide for control of non-native Spartina in the San Francisco Estuary was
based on the data, procedures, and findings of a standard ecological risk assessment for use of
imazapyr for control of non-native Spartina in an estuarine setting in Washington State and a
standard human health risk assessment for the use of imazapyr in forestry applications. In addi-
tion, the Leson & Associates report incorporated information from a comprehensive literature
search and review of publications on ecological impacts, toxicity, and fate and transport of ima-
zapyr and its formulations including adjuvants that could potentially be used with imazapyr. Ad-
ditional unpublished information was obtained from the ISP, industry representatives, research-
ers, and government.

The following discussion of environmental effects is summarized from that report, which is in-
cluded as Appendix D to this Addendum.

Spartina Control Program FPEIR 6 Addendum
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Table 1: Imazapyr herbicide mixture component concentrations and application rates for treatment of non-native Spartina in the
San Francisco Estuary

Active Ingredient
Application Method  Spray Volume Habitat® Imazapyr* Surfactant** Colorant
. 0 . 1 qt/100 gal NIS with 270% a.i.;
High volume hand- 100 gal/acre ~ 0020-75% solution 1y 4y 5y 6 acre ~1% MSO or VOC; 3 qt/100 gal
held sprayer 4-6 pints/100 gal SBS according to label
. o . 1 qt/100 gal NIS with 270% a.i.;
Low-volume directed 20 gal/acre 0'75_1'5.% solution 0.3-0.61b a.e./acre ~1% MSO or VOC; 3 qt/100 gal
sprayer 1.2-2.4 pints/20 gal SBS according to label
0 . 1 qt/100 gal NIS with 270% a.i.;
Broz.adcast sPrayer/ 10-30 gal/acre 2'5-.7'5 % solution 0.5-1.51b a.e./acre ~1% MSO or VOC; 0.5-1.5 qt/acre
Aerial application 6 pints/10-30 gal SBS according to label

* Active ingredient in Habitat® is imazapyr isopropylamine salt; values expressed as imazapyr acid equivalent (a.e.) ** a.i. = active ingredient; NIS = non-ionic surfactant; MSO = me-
thylated seed oil; VOC = vegetable oil concentrate, SBS = silicone-based surfactant

Table 2: Glyphosate herbicide mixture component concentrations and application rates for treatment of non-native Spartina in the
San Francisco Estuary

Aquamaster® Active Ingredient
Application Method Spray Volume or Rodeo® Glyphosate* Surfactant** Colorant
High volume hand- 1-2% solution . .
- > >50% a.i.
held sprayer 100 gal/acre 1-2 gal /100 gal 4-81b a.e./acre >2 qt/100 gal NIS with 250% a.i 3 qt/100 gal
Low-volume di- 1-8% solution

25-200 gal/acre 1.35-10.8 Ibs a.e./acre =2 qt/100 gal NIS with 250% a.i. 3 qt/100 gal

rected sprayer 1-8 gal /100 gal

Broadcast sprayer/ 7-40 gal/acre/

-7.5 pi - > ith >50% ai.  0.5-1.
Aerial application 7-20 gal /acre 4.5-7.5 pints/acre 225-3751ba.e./acre 22 qt/100 gal NIS with 250% a.i. 0.5-1.5 qt/acre

* The active ingredient in Rodeo® and Aquamaster® is glyphosate isopropylamine salt; values are expressed as glyphosate acid equivalent (a.e.)
** ai. = active ingredient; NIS = non-ionic surfactant



Exhibit 5: Addendum to the ISP FEIS/R

4.1  Effects of Use of Imazapyr Herbicides on Water Quality

Using the various application methods, herbicide mixtures will be directly onto the foliage or
stems of non-native Spartina during low tides when the sediment is exposed. Herbicide mixtures
may be directly released to surface waters when the incoming tide washes the remaining herbi-
cide mixture off the foliage and the exposed sediment. In the San Francisco Estuary rainfall is
unlikely to occur during the planned application season. The concentrations in water will be de-
termined by canopy interception of the applied herbicide, uptake into the plants, uptake into the
root zone, and aerial drift. The Leson & Associates report evaluated the fate of the herbicide in
water after application onto Spartina based on the herbicide’s physical/chemical characteristics
and the potential concentrations in water determined from theoretical models and results from
field dissipation studies. (See sections 3.1.6, 3.1.7,4.2.1, and 6.1.)

Under typical environmental conditions, imazapyr is highly soluble in water and does not adsorb
to sediment particles. In aquatic systems, it is not expected to biodegrade, and volatilization from
water or plant surfaces is insignificant. Residual imazapyr on the plants that has not completely
dried or did not get absorbed by the plants will be inundated by the incoming tide and presumably
solubilized. In water, imazapyr is subject to rapid photolysis with reported half-lives ranging from
3 to 5 days. In estuarine systems, dilution of imazapyr in the incoming tide will contribute to its
rapid dissipation and removal from the area where it has been applied. Studies in Washington,
which measured maximum concentrations after application of 1.5 Ib imazapyr a.e./acre, the
maximum application rate proposed by the ISP, onto a non-vegetated tidal mudflat, demonstrated
complete dissipation of imazapyr from the area within 40 hours from the water column and
within 400 hours from sediment.

One recent persistence study in Washington State investigated whether the herbicide would con-
centrate in the leading edge of the incoming tide as it moves over the treated site and continually
dissolves herbicide from the sediment. Imazapyr herbicide was applied at the manufacturer-
recommended rate of 1.5 Ib a.e./acre directly onto a non-vegetated mudflat at the upper intertidal
zone. The highest imazapyr concentration of 5.77 mg a.e./L, or 0.055 mg a.e./in> * was measured
in 1-inch deep water at the upper tidal edge of the site. The average maximum concentration from
three samples was 3.4 mg/L. (Patten 2003; Entrix 10/03, p. 61.) Thus, compared to the original
application of 1.5 Ib a.e./acre, or 0.11 mg a.e. onto a unit area of 1 square inch*, the measured
concentration in the first flush water was lower by a factor of about 2°. The concentration of ima-
zapyr in water collected 6 and 60 meters outside the treatment area was 99% lower than the
maximum water concentration collected at the edge of the treatment area. The highest measured
imazapyr concentration in sediment was 5.4 mg a.e./kg. As mentioned above, no residues could
be detected in water and sediment after 40 and 400 hours, respectively, with half-lives of <0.5
and 1.6 days, respectively, suggesting rapid dissipation of imazapyr from both water and sedi-
ment.

This information indicates that imazapyr is not environmentally persistent in the estuarine envi-
ronment and will not degrade the water quality of the San Francisco Estuary. There are no water
quality objectives for imazapyr in California; therefore, the water quality considerations for ima-
zapyr are associated with toxicity, which is addressed in the following section.

3(3.4mg/L) / (61in3/L) = 0.055 mg/in’
4(1.51b/acre) x (453,592 mg/1b) / (6,272,640 in2/acre)= 0.108 mg/in?
5(0.055 mg/in%) / (0.11 mg/in?) =1.94/in

Spartina Control Program FPEIR 8 Addendum
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4.2  Effects of Use of Imazapyr Herbicides on Biological Resources

The San Francisco Estuary provides a number of different salt marsh habitats, including tidal
brackish marsh, estuarine beaches, brackish lagoons, and tidal salt marsh pans and ponds. These
habitats support diverse, species-rich intertidal and subtidal ecological communities, including
several species of concern, some listed as threatened or endangered (T&E) under the Federal En-
dangered Species Act (ESA). (For a detailed description of the biological communities and a list-
ing of the species of concern, consult the 2003 FPEIR, Section 3.3.1 and Appendix F.) Estuarine
plants, algae, animals, and bacteria are all potential receptors for exposure to herbicides. Humans
are also potential receptors, particularly herbicide applicators, but also people who live or work
close to marshland or who use treated marshland for recreation.

Application of imazapyr would be executed in the same way as glyphosate applications, i.e. with
ground-, boat- or helicopter-based spray applications. Therefore, the ecological receptors and
species of concern occurring in the marshes in the San Francisco Estuary where imazapyr would
be used to control non-native Spartina are identical to those identified for the application of gly-
phosate in Section 3.3.1 of the 2003 FPEIR. The Leson & Associates report evaluated realistic
exposure scenarios for all ecological receptors following application of an imazapyr herbicide
onto non-native Spartina in the San Francisco Estuary ecosystem, taking into account local condi-
tions and species of concern. The report evaluated the potential risks based on levels of concern
for not-endangered as well as endangered species specified in the U.S. Environmental Protection
Agency’s guidelines for ecological risk assessment. (Section 4.5.1 through 4.5.7.)

Mammalian wildlife could be exposed to imazapyr through dermal, oral (ingestion) or inhalation
routes. The dietary route is considered the most likely. The oral and dermal toxicity of imazapyr
to mammals is categorized as practically non-toxic. Based on the evaluated exposure scenario, the
only potentially significant risk was identified for a spill scenario that assumed ingestion of undi-
luted spray solution by mammalian wildlife. This risk scenario is highly unlikely because best
management practices set forth in the MMRP would ensure immediate clean-up of the spill and
because the disturbance created by the cleanup efforts would discourage wildlife use of the area.
Risks to mammals from exposure to imazapyr following treatment of Spartina are therefore con-
sidered insignificant.

Exposure to birds may occur via ingestion, contact, and inhalation. None of the acute or chronic
exposure scenarios was significant to birds with the exception of the drinking water spill scenario.
Again, the spill scenario modeled is unlikely to be realized in the field. Risks to birds from expo-
sure to imazapyr following treatment of Spartina are therefore considered insignificant.

Based on exposure calculations for a worst-case exposure scenario (spraying tank mix directly
onto insects) and the reported toxicity to bees (practically non-toxic), the risk to insects from ex-
posure to imazapyr following treatment of Spartina is considered insignificant.

No studies regarding the toxicity of imazapyr to reptiles and amphibians were found in the litera-
ture and a formal risk calculation could not be conducted. However, amphibians can not tolerate
the salinity levels found in areas where non-native Spartina occurs and are therefore not at risk.
The life history of those reptiles that might occur in the Estuary suggests that their exposure is
unlikely. The risks to reptiles and amphibians following treatment of non-native Spartina with
imazapyr herbicides are therefore considered insignificant.

Imazapyr is practically non-toxic to fish; however, the use of surfactants in the tank mixture may
greatly increase the toxicity of the formulation to aquatic organisms as evidenced by a number of
studies. The Leson & Associates report evaluated the toxicity of tested imazapyr herbicide/ sur-
factant mixes to fish based on a very conservative exposure scenario that assumed the highest
potential concentration of imazapyr in water potentially found in the leading edge of the incoming
tide. Levels of concern for acute exposure of fish were not exceeded for any of the surfac-
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tant/formulation mixtures tested. However, levels of concern for endangered fish could poten-
tially be marginally exceeded for the highest measured and modeled concentrations in water.
However, the presence of fish in the leading edge of an incoming tide, where these concentrations
might occur, is highly unlikely. Further, the basis for the highest measured exposure value was
extremely conservative in that the pesticide was applied directly to sediment with no interception
by vegetation and collection of the sample only three hours later. The Project intends to apply
pesticides with the outgoing tide, leaving a much longer window of time before the tide washes
off any remaining herbicide from the sediment and foliage. Some degradation and uptake of the
herbicide will occur, which will further reduce the concentration in water. Due to the tidal ex-
change of waters, which results in dilution of the compound with each tide, imazapyr would
quickly dissipate beyond detection. This conclusion is supported by dissipation experiments in
Washington State, which demonstrated that imazapyr effectively dissipated in water within about
four to five tidal exchanges. Therefore, the acute and chronic risk to fish due to application of
imazapyr herbicides for control of non-native Spartina is considered insignificant.

Imazapyr is practically non-toxic to both freshwater and marine invertebrates. The acute risk to
aquatic invertebrates from exposure to imazapyr in water was determined to be insignificant. Any
potential impact from a spill would be short-term only because epibenthic and pelagic inverte-
brate communities will likely recover within a few tidal cycles. Therefore, the acute and chronic
risk to aquatic invertebrates due to application of imazapyr herbicides for control of non-native
Spartina is considered insignificant.

In sum, the maximum proposed application rate of 1.5 Ib imazapyr a.e./acre for control of
Spartina in the Estuary did not result in aquatic concentrations or terrestrial doses that would pose
significant risks to aquatic or terrestrial wildlife, even under the extremely conservative condi-
tions modeled.

Because imazapyr is an effective herbicide, non-target plants that are inadvertently directly
sprayed are likely to be severely damaged. These risks are particularly acute for vascular plants.
Algae appear to be less sensitive to imazapyr than aquatic macrophytes. Off-site drift from the
application site after ground-broadcast or aerial applications if terrestrial imazapyr formulations
in forestry applications were found to cause damage to sensitive plant species at distances of up to
500 feet. Peak concentrations of imazapyr with the incoming tide could also result in adverse ef-
fects on aquatic macrophytes and non-target vegetation. However, the tidal exchange of water
would rapidly dilute these concentrations to levels that do not cause acute damage to plants.
Rapid dissipation and lack of persistence of imazapyr in the estuarine environment preclude long-
term adverse effects to non-target vegetation. Best management practices as identified in the
FPEIR and adopted by the Conservancy as conditions of approval of the Project, will reduce the
likelihood of effects on non-target vegetation.

4.3  Effects of Imazapyr Herbicides on Human Health and Safety

The potential human health and safety effects of the addition of imazapyr to the Project treatment
methods are addressed in detail in the Leson & Associates report, Sections 5 and 6.1.

That report concludes that typical exposures to imazapyr would not lead to estimated doses that
exceed a level of concern for either workers or members of the general public at the maximum
application rate of imazapyr proposed for control of Spartina in the San Francisco Estuary. Based
on the available information and under the foreseeable conditions of application, it can be rea-
sonably concluded that workers or members of the general public will not be at any substantial
risk from acute or longer-term exposure to imazapyr at the proposed application rate on
non-native Spartina.

Mild irritation to the eyes can result from accidental splashing. This effect will be minimized or
avoided by exercising care to reduce splashing and wearing goggles during the handling of the
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compound identified in the FPEIR and adopted by the Conservancy as a condition of approval of
the Project.

4.4  Comparison of Relative Ecological and Human Health Effects of Ima-
zapyr versus Glyphosate and Associated Adjuvants

The 2003 FPEIR evaluated the ecological and human health effects of the use of glyphosate for
control of non-native Spartina in the San Francisco Estuary and concluded that the use of gly-
phosate presents limited risks to some ecological receptors. The following paragraphs provide a
summary of conclusions presented in the Leson & Associates report.

Imazapyr has been demonstrated to be less toxic to aquatic organisms than glyphosate. For exam-
ple, a direct comparison test with rainbow trout established an inherent acute toxicity of gly-
phosate to fish at more than 25-fold higher than for imazapyr. Given that the relationship between
fish and aquatic invertebrate toxicity for a given chemical rarely differs by more than an order of
magnitude, it is reasonable to expect a similar relationship to exist for aquatic invertebrates for
the toxicity of glyphosate compared to imazapyr. On a unit-compound basis, imazapyr is more
effective than glyphosate for control of Spartina and is consequently applied at considerably
lower application rates. The resulting risk from imazapyr to aquatic organisms is therefore con-
siderably lower than that for glyphosate.

The aquatic formulations of both herbicides must be mixed with surfactants for use on post-
emergent vegetation such as Spartina. The inherent risks of using either herbicide have been
shown to increase significantly when mixed with surfactants. Risks associated with gly-
phosate/surfactant mixtures increase more drastically than those for imazapyr/surfactant mixtures
for a number of reasons. First, most non-ionic surfactants that must be used with glyphosate are
inherently more toxic to aquatic organisms than the methylated or esterified seed oils or silicone-
based surfactants that can be used with imazapyr herbicides. (For example, the non-ionic surfac-
tants R-11° and L1-700® were determined to be five times as toxic as the esterified seed oil Com-
petitor®.) Second, glyphosate requires considerably higher spray volumes than imazapyr and sur-
factants are mixed proportionally to the spray volume, resulting in about twice as high surfactant
concentrations for glyphosate tank mixes compared to imazapyr tank mixes. Surfactants to be
used with imazapyr are described in detail in Appendix D to this Addendum, the Leson & Asso-
ciates Report, Section 4.4. As shown in that report, a number of less toxic surfactants are avail-
able for use with imazapyr and have been demonstrated to be effective on Spartina.

Although glyphosate is highly soluble like imazapyr, it is not photolyzed in water and is readily
adsorbed to suspended particles and sediment. Its fate in an estuarine environment is primarily
determined by its strong adsorption to sediment particles and the rate of microbial degradation.
Concentrations of glyphosate in rhizomes of treated Spartina have been shown to increase over
several years after treatment. The residual biomass of Spartina could therefore slowly release
glyphosate into the environment. Therefore, glyphosate is predicted to be more persistent than
imazapyr in an estuarine environment.

In sum, due to the lower inherent toxicity of imazapyr to aquatic organisms, the ability to use less
toxic surfactants, the lower application rates, and the more rapid dissipation from the environ-
ment, the use of imazapyr herbicides in the estuarine environment presents an improved risk sce-
nario for aquatic and terrestrial animals over the use of glyphosate herbicides.

Adverse effects of imazapyr to directly sprayed non-target vegetation, particularly vascular
plants, may be higher compared to glyphosate due to the herbicide’s higher efficacy. However,
despite its increased toxicity to the non-target plants, because of the lower spray volumes used
with imazapyr, impacts due to drift would not be increased beyond those described in the 2003
FPEIR. 2003 FPEIR Mitigation BIO-2, adopted by the Conservancy as a condition of approval of
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the Project, would continue to reduce this impact to a less-than-significant level, as with the use
of glyphosate herbicides.

45 Changes in Environmental Effects

As described in the Project description section of this Addendum, the imazapyr herbicide Habi-
tat® is proposed be used on as many as 1,500 acres per year of tidal wetlands for as many as four
consecutive years to facilitate eradication of non-native Spartina.

With the exception of potential impacts to non-target vegetation, fewer adverse effects are ex-
pected when using an imazapyr herbicide compared to a glyphosate herbicide. Potential adverse
effects from their combined use are also less than those expected for the use of a glyphosate her-
bicide alone. In addition, effective non-native Spartina eradication, which requires little or no
retreatment allows for recolonization of treated sites with native species sooner than if multiple
treatments have to be used over a number of years. Even so, it can take a number of years for the
ecosystem to restabilize itself after treatment with either herbicide.

In the long-term, the anticipated higher efficacy of imazapyr (as described in Appendix D, Leson
& Associates Report) for control of non-native Spartina may result in decreased water quality,
biological, and human health and safety impacts due to potential need for fewer applications over
the years. Fewer applications also would result in fewer physical adverse impacts to the estuarine
ecosystem due to trampling, compaction of sediment, and so forth.

Tables A-1, A-2, and A-3 in Appendix A provide a comparative summary of the potential im-
pacts on water quality, biological resources, and human health and safety and the associated miti-
gation measures, as presented in the 2003 FPEIR for the use of glyphosate and imazapyr in the
San Francisco Estuary.

5.0 Conclusions

Based on the above analysis and discussion, no revisions are needed to the 2003 FPEIR because
no substantial changes in the proposed action relevant to environmental concerns have occurred,
no new significant impacts and no substantial increase in the severity of significant impacts pre-
viously identified in the 2003 FPEIR would result from the proposed changes included in the Pro-
ject, no substantial changes to environmental circumstances have occurred since the 2003 FPEIR
was certified in September 2003, and because no new information relevant to environmental con-
cerns bearing on the proposed action has come to light that would indicate the potential for new
significant impacts not discussed in the 2003 FPEIR.

Accordingly, an addendum to the 2003 FPEIR is considered the appropriate CEQA document
for the addition of imazapyr herbicide mixtures to the ISP Spartina Control Program. None of
the conditions in the CEQA Guidelines Section 15162 (for a subsequent EIR) apply for the
Project as currently proposed and, as a result, the conditions in Section 15163 (for a supple-
mental EIR) also do not apply.

While substitution of imazapyr herbicide mixtures for glyphosate herbicide mixtures will reduce
some of the impacts of the Project, because glyphosate herbicides will continue to be an option
for use (i.e., the ISP is not proposing to remove glyphosate from the SCP), the potential for un-
avoidable significant impacts from the Project does not materially change from the original 2003
FPEIR. Nonetheless, incorporating imazapyr herbicide mixtures into the Project is expected to
lead to fewer overall impacts than the Project approved in the 2003 FPEIR.
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Appendix A:

Revised 2003 FPEIR Impact Tables for
Water Quality, Biological Resources,
and Human Health and Safety
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Table A-1:

Revised Table 3.3-1: Summary of potential effects on biological resources under Alternative 1 due to use of glyphosate and

imazapyr herbicides

Impact

Glyphosate

Imazapyr

BIO-1.1: Effects of treatment on tidal
marsh plant communities affected by
salt-meadow cordgrass and English
cordgrass

Significant but mitigable adverse impact due to spray drift effect
on non-target emergent marsh vegetation.

Potentially slightly increased adverse im-
pact due to higher toxicity to non-target
vegetation. Less than significant with Miti-
gation BIO 1.1

B10O-1.2: Effects on tidal marsh plant
communities affected by Atlantic
smooth cordgrass and its hybrids

Local, moderately persistent adverse impacts of herbicide spray
drift on tidal marsh vegetation adjacent to treated areas could oc-
cur from manual and normal helicopter application. Minimal non-
target impacts to vegetation could occur from wick/ brush applica-
tions. Significant but mitigable adverse impacts could occur from
worst-case helicopter spray drift.

Potentially slightly increased adverse im-
pact due to higher toxicity to non-target
vegetation. Less than significant with Miti-
gation BIO 1.2

B10-1.3: Effects on tidal marsh plant
communities affected by Chilean
cordgrass

Minor to moderate short-term adverse impact due to spray drift
from manual applications. Helicopter spray probably infeasible for
known infestations of this species.

Potentially slightly increased adverse im-
pact due to higher toxicity to non-target
vegetation. Less than significant with Miti-
gation BIO 1.1

B10-1.4: Effects on submerged
aquatic plant communities

No adverse impact.

Potentially slightly increased, but still less
than significant, adverse impact due to
somewhat higher toxicity to algae.

B10O-2: Effects on special-status plants
in tidal marshes

Potentially significant adverse impacts to soft birds beak, only
with removal of known salt-meadow and Chilean cordgrass infes-
tations (less than significant with mitigation).

Potentially slightly increased adverse im-
pact due to higher toxicity to non-target
vegetation. Less than significant with miti-
gation BIO-2.

BI10-3: Effects on shorebirds and wa-
terfowl

Short-term, local disturbance of shorebirds and waterfowl in vicin-
ity of access and treatment areas (slough and mudflat). Moderate
adverse impact. Potentially significant impacts if helicopters are
used for repeat treatment of large mudflat colonies.

Same. Less than significant with mitigation
BIO-3.

B10-4.1: Effects on the salt marsh
harvest mouse and tidal marsh shrew
species

Eradication of non-native cordgrass in high marsh may have sig-
nificant short-term adverse impacts in few locations, but usually
minor or none. Local, short-term minor to moderate adverse im-
pacts due to incidental trampling or disturbance.

Same. Less than significant with mitigation
BlO-4.1.
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Table A-1:

Revised Table 3.3-1: Summary of potential effects on biological resources under Alternative 1 due to use of glyphosate and

imazapyr herbicides

Impact

Glyphosate

Imazapyr

B10-4.2: Effects on resident harbor
seal colonies of San Francisco Bay

Short-term, local disturbance of harbor seals in vicinity of a few
access and treatment areas. Potentially significant adverse impacts
at a few potential project sites, minor or no impacts at most pro-
ject sites.

Same. Less than significant with mitigation
BI1O-4.2.

B10-4.3: Effects on the southern sea Negligible or no impact. Same.
otter
B10-5.1: Effects on California clapper | Potentially significant disturbance of clapper rail foraging, mating, | Same.
rail nesting, due to treatment activity, resulting habitat destruction,

and crew access to rail habitats. Local loss of breeding; risk of

mortality.
B10-5.2: Effects on the California Potentially significant impact foreseeable only at one site; no im- | Same.
black rail pacts in San Francisco Bay.
B10-5.3: Effects on tidal marsh song Potentially significant disturbance of foraging, mating, nesting, Same.
sparrow subspecies and the salt marsh | due to treatment activity, resulting habitat destruction, and crew
common yellowthroat access to habitats. Local loss of breeding; risk of mortality.
B10-5.4: Effects on California least Potentially significant local adverse impacts to levee nest sites due | Same.

terns and western snowy plovers.

to vehicle access.

B10O-5.5: Effects on raptors (birds of
prey)

Potential moderate adverse impacts if helicopters are used, other-
wise minor short-term impacts.

Potentially slightly reduced adverse impacts
if helicopters are used due to lower spray
volumes and associated lower number of
required flights to refill helicopter tanks.

B10-6.1: Effects on anadromous sal-
monids (winter-run and spring-run
Chinook salmon, steelhead)

Minor to moderate impact due to potential exposure of fish to
tidally remobilized herbicide spray solution containing surfac-
tants.

Slightly reduced impact due to lower toxic-
ity of imazapyr and surfactants.

B10-6.2: Effects on delta smelt and Long-term stabilization and restoration of natural tidal creek struc- | Same.
Sacramento splittail ture and high density of small tidal creeks due to arrested spread

of smooth cordgrass, protection of favorable habitat.
B10-6.3: Effects on the tidewater No impact. Same.

goby
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Table A-1:

Revised Table 3.3-1: Summary of potential effects on biological resources under Alternative 1 due to use of glyphosate and

imazapyr herbicides

Impact

Glyphosate

Imazapyr

B10-6.4: Effects on estuarine fish
populations of shallow submerged
intertidal mudflats and channels

Minor to moderate impact due to potential exposure of fish to
tidally remobilized herbicide spray solution containing surfac-
tants.

Slightly reduced impact due to lower toxic-
ity of imazapyr and surfactants.

BIO-7: Effects on California No impacts. Same.
redlegged frog and San Francisco gar-

ter snake

B10-8: Effects of regional invasive Minor to moderate production of additional mosquito breeding Same.
cordgrass eradication on mosquito habitat in topographic depressions in marsh plain left by vehicles,
production excavation pits.

B10-9: Effects on tiger beetle species | No impact. Same.
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Table A-2:

Revised Table 3.6-1: Summary of potential human health and safety effects under Alternative 1

due to use of glyphosate and imazapyr herbicides

Impact Glyphosate Imazapyr
HS-1: Worker injury from accidents associated | Minor worker injuries are possible during manual spraying activities. Same.
with manual and mechanical cordgrass treat-
ment.
HS-2: Worker health effects from herbicide Significant but mitigable worker health effects are possible from worker Same.
application. inhalation and contact with herbicides during treatment activities.
HS-3: Health effects to the public from herbi- Significant but mitigable public health effects are possible from worker Same.
cide application. inhalation and contact with herbicides during treatment activities.
HS-4: Health effects to workers or the public Significant but mitigable public health effects are possible from accidental | Same.
from accidents associated with treatment. spills of herbicides during treatment activities.
Table A-3:
Revised Table 3.2-6: Summary of effects on water quality under Alternative 1
due to use of glyphosate and imazapyr herbicides
Impact Glyphosate Imazapyr
WQ-1: Degradation of water quality due to Minor impact. Same.
herbicide application
WQ-2: Degradation of water quality due to Potentially significant and mitigable impact. Same.
herbicide spills
WQ-3: Degradation of water quality due to Small potential for spill. Same.
fuel or petroleum spills
WQ-4: Degradation of water quality due to No adverse impacts. Same.
contaminant remobilization
WQ-5: Water quality effects resulting from No effect. Same.

sediment accretion
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Appendix B:

Manufacturer’s Description and Specimen Labels
for Habitat®
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Habitat

herbicide
(SPECIMEN)

Applications may only be made for the control of undesirable emergent and floating
aquatic vegetation in and around standing and flowing water, including estuarine and
marine sites. Applications may be made to control undesirable wetland, riparian and
terrestrial vegetation growing in or around surface water when applications may result
in inadvertent applications to surface water.

Active ingredient:

IsoproPylamine salt of Imazapyr 2—[4.5-dihyc§ro-4-meth?_rl -4-(1-
methylethyl)-5-0xo-1H-imidazol-2-yl]-3-pyridinecarboXylic Cid)*..........coviieiiiieiieriieisseseieesseresssesseeeessenss 28.7%
INEIE INGEEAIENTS....... ..ot s e b e e eeaasts et s e st b bsse s sbbe b e et e bmabeaeaeeasbesnenamnnnns 71.3%

B e - | R OSSOSO TR 100.0%

g qurvamnt to 22.6% 2-[4,5-dihydro-4-methyl-4-(1-methylethyi)-5-0x0-1H-imidazol-2-yl]-3-pyridinecarboxylic acid or 2 pounds
acid per gallon.

EPA Reg. No. 241-426 U.S. Patent No. 4,798,619 EPA Est. No.
KEEP OUT OF REACH OF CHILDREN.
CAUTION/PRECAUCION

Si usted no entiende la etiqueta, busque a alguien para que se la explique a usted en detalle.
(If you do not understand the label, find someone to explain it to you in detail.)

In case of an emergency endangering life or property involving this product, call day or night,
800-832-HELP.
See Next Page for Additional Precautionary Statements

Net contents: For more information, please visit our web site:
’ www.vmanswers.com .. PROFESSIONAL
VEGETATION
MANAGEMENT

BASF Corporation
26 Davis Drive B ASF
Research Triangle Park, NC 27709
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| » Take off contaminated clothing.

If in eyes [o
- "+ Move person to fresh air.
If inhaled

mouth, if possible.

‘ tact BASF Corporation for emergency medical treatment information: 1-800-832-HELP (4357).

PRECAUTIONARY STATEMENTS
"~ HAZARD TO HUMANS
CAUTION!

Avoid contact with skin, eyes or clothing. Avoid breathing spray
mist. Wash thoroughly with soap and water after handling.
Remove contaminated clothing and wash before reuse.

PERSONAL PROTECTIVE EQUIPMENT (PPE):
Some materials that are chemical-resistant to this product are
listed below. If you want more options, follow the instructions
f?]r category A on an EPA chemical-resistant category selection
chart.

Applicators and other handlers must wear:

¢ Long-sleeve shirt and long pants

* Chemical-resistant gloves, Category A

* shoes plus socks

Follow manufacturer's instructions for cleaning and maintaining
PPE. If no such instructions are given for washables, use
detergent and hot water. Keep and wash PPE separately from
other laundry.

PHYSICAL AND CHEMICAL HAZARDS

Spray solutions of HABITAT® herbicide should be mixed,
stored and applied only in stainless steel, fiberglass, plastic and
plastic-lined steel containers.

DO NOT mix, store or apply HABITAT or spray solutions of
HABITAT in unlined steel (except stainless steel) containers or
spray tanks.

ENVIRONMENTAL HAZARDS

DO NOT apply to water except as specified in this label.
Treatment of aquatic weeds may result in oxygen depletion or
loss due to decomposition of dead plants. This oxygen loss
may cause the suffocation of some aquatic organisms. Do not
treat more than one half of the surface area of the water in a
single operation and wait at least 10 to 14 days between
treatments. Begin treatment along the shore and proceed
outward in bands to allow aquatic organisms to move into
untreated areas. Do not contaminate water when disposing of
equipment washwaters or rinsate.

This pesticide is toxic to vascular plants and should be used

DIRECTIONS FOR USE
It is a violation of Federal law to use this product in a manner
inconsistent with its labeling.
HABITAT should be used only in accordance with
recommendations on the leaflet label attached to the container.
Keep containers closed to avoid spills and contamination.

* (Call a poison control center or doctor for further treatment advice.
HOT LINE NUMBER

* Rinse skin immediately with plenty of water for 15-20 minutes.
* (Call a poison control center or doctor for treatment advice.

Remove contact lenses, if present, after first 5 minutes, then continue rinsing eye.
» Call a poison control center or doctor for treatment advice,

* If person is not breathing, call 911 or an ambulance, then give artificial respiration, preferably mouth-to-

STORAGE AND DISPOSAL

DO NOT contaminate water, food or feed by storage or
disposal.

PESTICIDE STORAGE: DO NOT store below 10° F.
PESTICIDE DISPOSAL: Wastes resulting from the use of
this product may be disposed of on site or at an approved
waste disposal facility.

CONTAINER DISPOSAL.: Triple rinse (or equivalent). Then
offer for recycling or reconditioning, or puncture and dispose
of in an approved sanitary landfill, or by incineration, or, if allowed
by state and local authorities, by burning. If burned, stay out
of smoke.

IMPORTANT

DO NOT use on food crops. DO NOT apply this product
within one-half mile upstream of an active potable water intake
in flowing water (i.e., river, stream, etc.) or within one-half mile
of an active potable water intake in a standing body of water,
such as a lake, pond or reservoir. DO NOT apply to water
used for irrigation except as described in APPLICATION TO
WATERS USED FOR IRRIGATION section of this label. Keep
from contact with fertilizers, insecticides, fungicides and seeds.
DO NOT drain or flush equipment on or near desirable trees
or other plants, or on areas where their roots may extend, or
in locations where the treated soil may be washed or moved
into contact with their roots. DO NOT use on lawns, walks,
driveways, tennis courts, or similar areas. DO NOT side trim
desirable vegetation with this product unless severe injury and
plant death can be tolerated. Prevent drift of spray to desirable
plants.

Clean application equipment after using this product by
thorougr?lyE) flushing w%h water. ° P

GENERAL USE PRECAUTIONS
AND RESTRICTIONS

Applications may only be made for the control of undesirable
emergent and floating aquatic vegetation in and around
standing and flowing water, including estuarine and marine
sites. Applications may be made to control undesirable
wetland, riparian and terrestrial vegetation growing in or around
surface water when applications may result in inadvertent
applications to surface water.

Do not apply more than 6 pints of product (1.5 Ibs. acid
equivalent) per acre per year.

Aerial application is restricted to helicopter only.

Application of HABITAT® herbicide can only be made by
federal or state agencies, such as Water Management District
personnel, municipal officials and the U.S. Army Corps of
Engineers, or those applicators who are licensed or certified
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as aquatic pest control applicators and are authorized by the
state or local government.

Treatment to other than non-native invasive species is limited
to only those plants that have been determined to be a nuisance
by a federal or state government entity.

Applications to private waters: Applications may be made
to private waters that are still, such as ponds, lakes and drainage
ditches where there is minimal or no outflow to public waters.

Application to public waters: Applications may be made
to public waters such as ponds, lakes, reservoirs, marshes,
bayous, drainage ditches, canals, streams, rivers, and other
slow-moving or quiescent bodies of water for control of aquatic
weeds or for contral of riparian and wetland weed species.

Consult local state fish and game agency and water control
authorities before applying this product to public water. Permits
may be required to treat such water.

Recreational Use of Water in Treatment Area: There
are no restrictions on the use of water in the treatment area for
recreational purposes, including swimming and fishing.
Livestock Use of Water in/from Treatment Area: There
are no restrictions on livestock consumption of water from the
treatment area,

Precautions for Potable Water Intakes: Do not apply
HABITAT directly to water within one-half mile upstream of an
active potable water intake in flowing water (i.e., river, stream,
etc.) or within one-haif mile of an active potable water intake in
a standing body of water such as lake, pond or reservoir. To
make aquatic applications around and within one-half mile of
active potable water intakes, the water intake must be turned
off during application and for a minimum of 48 hours after the
application. These aquatic applications may be made only in
the cases where there are alternative water sources or holding
ponds, which would permit the turning off of an active potable
water intake for a minimum period of 48 hours after the
applications. Note: Existing potable water intakes which are no
longer in use, such as those replaced by connections to wells
or a municipal water system, are not considered to be active
potable water intakes. This restriction does not apply to
intermittent, inadvertent overspray of water in terrestrial use
sites.

APPLICATION TO WATERS

USED FOR IRRIGATION

Water treated with HABITAT may not be used for irrigation
purposes for 120 days after application or until HABITAT residue
levels are determined by laboratory analysis, or other appropriate
means of analysis, to be 1.0 ppb or less.

Seasonal Irrigation Waters: HABITAT may be applied
during the off-season to surface waters that are used for imgation
on a seasonable basis, provided that there is a minimum of
120 days between HABITAT application and the first use of
treated water for irrigation purposes or until HABITAT residue
levels are determined by laboratory analysis, or other appropriate
means of analysis, to be 1.0 ppb or less,

Irrigation Canals/Ditches: DO NOT apply HABITAT to
irrigation canals/ditches unless the 120-day restriction on
irrigation water usage can be observed or HABITAT residue
levels are determined by laboratory analysis, or other appropriate
means of analysis, to be 1.0 ppb or less. DO NOT apply
HABITAT to dry irrigation canals/ditches.

Quiescent or Slow Moving Waters: In lakes and reservoirs
DO NOT apply HABITAT within one (1) mile of an active imigation
water intake during the irigation season. Applications less than
one (1) mile from an inactive irrigation water intake may be made
during the off-season, provided that the irrigation intake will
remain inactive for a minimum 120 days after application or
until HABITAT residue levels are determined by laboratory
analysis, or other appropriate means of analysis, to be 1.0 ppb
or less.

Moving water: DO NOT apply within one-half mile
downstream of an active irrigation water intake. When making
applications upstream from an active irrigation water intake,
the intake must be turned off for a period of time sufficient to
allow the upstream portion of treated water to completely flow
past the irrigation intake before use can resume. Shut off time
will be determined by the speed of water flow and the distance
and length of water treated upstream from the intake. Consult
local, state and/or federal authorities before making any
applications upstream from an active irrigation water intake.

GENERAL INFORMATION

Use Sites: HABITAT® herbicide is an aqueous solution to
be mixed with water and a surfactant and applied as a spray
solution to control floating and emergent undesirable vegetation
(see AQUATIC WEEDS CONTROLLED section and the
ADDITIONAL WEEDS CONTROLLED BY HABITAT
section) in or near bodies of water which may be flowing, non-
flowing, or transient. HABITAT may be applied to aguatic sites
that include lakes, rivers, streams, ponds, seeps, drainage
ditches, canals, reservoirs, swamps, bogs, marshes, estuaries,
bays, brackish water, transitional areas between terrestrial and
aquatic sites and seasonal wet areas. See AQUATIC USE
section of this label for precautions, restrictions, and instructions
on aguatic uses.

Read and observe the following directions if aquatic sites are
present in terrestrial noncrop areas and are part of the intended
treatment area:

Herbicidal Activity: HABITAT® herbicide will control most
annual and perennial grasses and broadleaf weeds in addition
to many brush and vine species with some residual control of
undesirable species that germinate above the waterline.
HABITAT is readily absorbed through emergent leaves and
stems and is translocated rapidly throughout the plant, with
accumulation in the meristematic regions. Treated plants stop
growing soon after spray application. Chlorosis appears first in
the newest leaves, and necrosis spreads from this point. In
perennials, the herbicide is translocated into, and kills,
underground or submerged storage organs, which prevents
regrowth. Chlorosis and tissue necrosis may not be apparent
in some plant species until two or more weeks after application.
Complete kill of plants may not occur for several weeks.
Applications of HABITAT are rainfast one hour after treatment.

HABITAT does not control plants which are completely
submerged or have a majority of their foliage under
water.

Application Methods: HABITAT must be applied to the
emergent foliage of the target vegetation and has little to no
activity on submerged aquatic vegetation. HABITAT
concentrations resulting from direct application to water are
not expected to be of sufficient concentration or duration to
provide control of target vegetation. Application should be made
in such a way as to maximize spray interception by the target
vegetation while minimizing the amount of overspray that enters
the water. For maximum activity, weeds should be growing
vigorously at the time of application and the spray solution
should include a surfactant (See ADJUVANTS section for
specific recommendations). HABITAT may be selectively
applied by using low-volume directed application techniques
or may be broadcast-applied by using ground equipment,
watercraft or by helicopter. In addition, HABITAT may also be
used for cut stump, cut stem and frill and girdle treatments
within aquatic sites (see AERIAL APPLICATIONS and
GROUND APPLICATIONS sections for additional details).
HABITAT should be applied with surface or helicopter
application equipment in a minimum of 5 gallons of water per
acre. When applying by helicopter, follow directions under the
AERIAL APPLICATIONS section of this label, otherwise refer
to section on GROUND APPLICATIONS when using surface
equipment.
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Applications made to moving bodies of water should be made
while traveling upstream to prevent concentration of this
herbicide in water. DO NOT apply to bodies of water or portions
of bodies of water where emergent and/or floating weeds do
not exist.

When application is to be made to target vegetation that covers
a large percentage of the surface area of impounded water,
treating the area in strips may avoid oxygen depletion due to
decaying vegetation. Oxygen depletion may result in the
suffication of some sensitive aguatic organisms. Do not treat
more than one half of the surface area of the water in a single
operation and wait at least 10 to 14 days between treatments.
Begin treatment along the shore and proceed outward in bands
to allow aguatic organisms to move into untreated areas.

Avoid wash-off of sprayed foliage by spray boat or recreational
boat backwash for one hour after application.

Apply HABITAT at 2 to 6 pints per acre depending on species
present and weed density. DO NOT exceed the maximum label
rate of 6 pints per acre (1.5 Ib ai/A) per year. Use the higher
labeled rates for heavy weed pressure. Consult the AQUATIC
WEEDS CONTROLLED section and the ADDITIONAL
WEEDS CONTROLLED BY HABITAT HERBICIDE section
of this label for specific rates.

HABITAT® herbicide may be applied as a draw down
treatment in areas described above. Apply HABITAT to weeds
after water has been drained and allow 14 days before
reintroduction of water.

TO NON-TARGET PLANTS

Untreated desirable plants can be affected by root uptake of
HABITAT from treated soil. Injury or loss of desirable plants
may result if HABITAT is applied on or near desirable plants,
on areas where their roots extend, or in locations where the
treated soil may be washed or moved into contact with their
roots. When making applications along shorelines where
desirable plants may be present, caution should be exercised
to avoid spray contact with their foliage or spray application to
the soil in which they are rooted. Shoreline plants that have
roots that extend into the water in an area where HABITAT
has been applied generally will not be adversely affected by
uptake of the herbicide from the water.

If treated vegetation is to be removed from the application site,
DO NOT use the vegetative matter as mulch or compost on or
around desirable species.

MANAGING OFF-TARGET MOVEMENT

Spray Drift: Avoiding spray drift at the application site is the
responsibility of the applicator. The interaction of many
equipment-and-weather-related factors determines the potential
for spray drift. The applicator and the entity authorizing spraying
are responsible for considering all these factors when making
decisions.

Spray drift from applying this product may resuit in damage to
sensitive plants adjacent to the treatment area. Only apply this
product when the potential for drift to these and other adjacent
sensitive areas (e.g. residential areas, bodies of water, known
habitat for threatened or endangered species, or non-target
crops) is minimal. Do not apply when the following conditions
exist that increase the likelihood of spray drift from intended
targets: high or gusty winds, high temperatures, low humidity,
temperature inversions.

To minimize spray drift, the applicator should be familiar with
and take into account the following drift reduction advisory
information. Additional information may be available from state
enforcement agencies or the Cooperative Extension on the
application of this product.

The best drift management strategy and most effective way to
reduce drift potential are to apply large droplets that provide
sufficient coverage and control. Applying larger droplets reduces

drift potential, but will not prevent drift if applications are made
improperly, or under unfavorable environmental conditions (see
WIND, TEMPERATURE AND HUMIDITY, and
TEMPERATURE INVERSIONS).

CONTROLLING DROPLET SIZE

* Volume - Use high flow rate nozzles to apply the highest
practical spray volume. Nozzles with higher rated flows
produce larger droplets.

* Pressure - Do not exceed the nozzle manufacturer's
recommended pressures. For many nozzle types, lower
pressure produces larger droplets. When higher flow rates
are needed, use higher flow rate nozzles instead of increasing
pressure.

*  Number of Nozzles - Use the minimum number of nozzles
that provide uniform coverage.

* Nozzle Orientation - Orienting nozzles so that the spray is
released parallel to the airstream produces larger droplets
than other orientations and is recommended practice.
Significant deflection from the horizontal will reduce droplet
size and increase drift potential.

* Nozzle Type - Use a nozzle type that is designed for the
intended application. With most nozzle types, narrower
spray angles produce larger droplets. Consider using low-
drift nozzles. Solid stream nozzles oriented straight back
produce the largest droplets and the lowest drift. Do not
use nozzles producing a mist droplet spray.

APPLICATION HEIGHT

Making applications at the lowest possible height (helicopter,

ground driven spray boom) that is safe and practical reduces

exposure of droplets to evaporation and wind.

SWATH ADJUSTMENT

When applications are made with a crosswind, the swath will
be displaced downwind. Therefore, on the up and downwind
edges of the treatment area, the applicator must compensate
for this displacement by adjusting the path of the application
equipment (e.g. aircraft, ground) upwind. Swath adjustment
distance should increase with increasing drift potential (higher
wind, smaller droplets, etc.).

WIND

Drift potential is lowest between wind speeds of 3-10 mph.
However, many factors, including droplet size and equipment
type, determine drift potential at any given speed. Application
should be avoided below 3 mph due to variable wind direction
and high inversion potential. NOTE: Local terrain can influence
wind patterns. Every applicator should be familiar with local
wind patterns and how they affect spray drift.
TEMPERATURE AND HUMIDITY

When making applications in low relative humidity, set up
equipment to produce larger droplets to compensate for
evaporation. Droplet evaporation is most severe when conditions
are both hot and dry.

TEMPERATURE INVERSIONS

Drift potential is high during a temperature inversion. Temperature
inversions restrict vertical air mixing, which causes small
suspended droplets to remain in a concentrated cloud, which
can move in unpredictable directions due to the light variable
winds common during inversions. Temperature inversions are
characterized by increasing temperatures with altitude and are
common on nights with limited cloud cover and light to no wind.
They begin to form as the sun sets and often continue into the
morning. Their presence can be indicated by ground fog;
however, if fog is not present, inversions can also be identified
by the movement of smoke from a ground source or an aircraft
smoke generator. Smoke that layers and moves laterally in a
concentrated cloud (under low wind conditions) indicates an
inversion, while smoke that moves upward and rapidly dissipates
indicates good vertical air mixing.
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WIND EROSION

Avoid treating powdery dry or light sandy soils when conditions
are favorable for wind erosion. Under these conditions, the soil
surface should first be settled by rainfall or irrigation.

AERIAL APPLICATION METHODS AND EQUIPMENT
HELICOPTERS ONLY

Water Volume: Use 2 or more gallons of water per acre. The
actual minimum spray volume per acre is determined by the
spray equipment used. Use adequate spray volume to provide
accurate and uniform distribution of spray particles over the
treated area and to avoid spray drift.

Managing spray drift from aerial applications:
Applicators must follow these requirements to avoid off-target
drift movement: 1) boom length - the distance of the outermost
nozzles on the boom must not exceed % the length of the rotor,
2) nozzle orientation - nozzles must always point backward
parallel with the air stream and never be pointed downwards
more than 45 degrees, and 3) application height - without
compromising helicopter safety, applications should made at
a height of 10 feet or less above the crop canopy or tallest
plants. Applicators must follow the most restrictive use cautions
to avoid drift hazards, including those found in this labeling as
well as applicable state and local regulations and ordinances.

GROUND APPLICATION (BROADCAST)

Water Volume: Use 5 or more gallons of water per acre. The
actual minimum spray volume per acre is determined by the
spray equipment used. Use adeguate spray volume to provide
accurate and uniform distribution of spray particles over the
treated area and to avoid spray drift.

ADJUVANTS

Postemergence applications of HABITAT® herbicide require
the addition of a spray adjuvant. Only spray adjuvants that are
approved or appropriate for aquatic use should be utilized.
Nonionic Surfactants: Use a nonionic surfactant at the rate
0.25% v/v or higher (see manufacturer's label) of the spray
solution (0.25% v/v is equivalent to 1 quart in 100 gallons). For
best results, select a nonionic surfactant with a HLB (hydrophilic
to lipophilic balance) ratio between 12 and 17 with at least 70%
surfactant in the formulated product (alcohols, fatty acids, oils,
ethylene glycol or diethylene glycol should not be considered
as surfactants to meet the above requirements).

Methylated Seed Oils or Vegetable Qil Concentrates:
Instead of a surfactant, a methylated seed oil or vegetable-
based seed oil concentrate may be used at the rate of 1.5 to
2 pints per acre. When using spray volumes greater than 30
gallons per acre, methylated seed oil or vegetable based seed
oil concentrates should be mixed at a rate of 1% of the total
spray volume, or alternatively use a nonionic surfactant as
described above. Research indicates that these oils may aid
in HABITAT deposition and uptake by plants under moisture
or temperature stress.

Silicone Based Surfactants: See manufacturer's label for
specific rate recommendations. Silicone-based surfactants
may reduce the surface tension of the spray droplet, allowing
greater spreading on the leaf surface as compared to
conventional nonionic surfactants. However, some silicone-
based surfactants may dry too quickly, limiting herbicide uptake.
Invert emulsions: HABITAT can be applied as an invert
emulsion. The spray solution results in an invert (water-in-oil)
spray emulsion designed to minimize spray drift and spray run-
off, resulting in more herbicide on the target foliage. The spray
emulsion may be formed in a single tank (batch mixing) or
injected (in-line mixing). Consult the invert chemical label for
proper mixing directions.

Other: An antifoaming agent, spray pattern indicator or drift
reducing agent may be applied at the product labeled rate if
necessary or desired.

TANK MIXES

HABITAT may be tank-mixed with other aquatic use herbicides
for the control of emergent and floating aquatic vegetation.
Consult manufacturer's labels for specific rates and weeds
controlled. Always follow the more restrictive label when making
an application involving tank-mixes.

AERIAL APPLICATIONS

All precautions should be taken to minimize or eliminate
spray drift. Helicopters can be used to apply HABITAT:;
however, DO NOT make applications by helicopter unless
appropriate buffer zones can be maintained to prevent spray
drift out of the target area, or when spray drift as a result of
helicopter application can be tolerated. Aerial equipment
designed to minimize spray drift, such as a helicopter
equipped with a Microfoil™ boom, Thru-Valve™ boom or
raindrop nozzles, must be used and calibrated. Except when
applying with a Microfoil boom, a drift control agent may be
added at the recommended label rate, To avoid drift,
applications should not be made during inversion conditions,
when winds are gusty, or any other conditions which allow
drift. Side trimming is not recommended with HABITAT
unless death of treated tree can be tolerated.

Uniformly apply the recommended amount of HABITAT in 5
to 30 gallons of water per acre; include in the spray solution
a nonionic surfactant or methylated seed oil or
manufacturer's label rate of a silicone-based surfactant (See
the Adjuvants section of this label for specific
recommendations). A foam reducing agent may be added at
the recommended label rate, if needed.

IMPORTANT: Thoroughly clean application equipment,
including landing gear, immediately after use of this product.
Prolonged exposure of this product to uncoated steel
(except stainless steel) surfaces may result in corrosion and
failure of the exposed part. The maintenance of an organic
coating (paint) may prevent corrosion.

GROUND APPLICATIONS
FOLIAR APPLICATIONS

Low Volume Foliar:

Use equipment calibrated to deliver 5 to 20 gallons of spray
solution per acre. To prepare the spray solution, thoroughly
mix in water 0.5 to 5% HABITAT plus surfactant (see the
ADJUVANTS section of this label for specific
recommendations). A foam reducing agent may be applied at
the recommended label rate, if needed. For control of difficult
species (see AQUATIC WEEDS CONTROLLED section
and the ADDITIONAL WEEDS CONTROLLED BY
HABITAT section for relative susceptibility of weed species),
use the higher concentrations of herbicide and/or spray volumes
but do not apply more than 6 pints of HABITAT per acre.
Excessive wetting of foliage is not recommended. See the
MIXING GUIDE below for some suggested volumes of
HABITAT and water.

For low volume, select proper nozzles to avoid over-application.
Proper application is critical to ensure desirable results. Best
results are achieved when the spray covers the crown and
approximately 70 percent of the plant. The use of an even flat
fan tip with a spray angle of 40 degrees or less will aid in proper
deposition.

Recommended tip sizes include 4004E, or 1504E. For a straight
stream and cone pattern, adjustable cone nozzles such as
5500 X3 or 5500 X4 may be used. Attaching a rollover valve
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onto a Spraying Systems Model 30 gunjet or other similar spray
guns allows for the use of both a flat fan and cone tips on the
same gun.

Moisten, but do not drench target vegetation causing spray
solution to run off.

Low Volume Foliar with Backpacks:

For low-growing species, spray down on the crown, covering
crown and penetrating approximately 70% of the plant.

For target species 4 to 8 feet tall, swipe the sides of target
vegetation by directing spray to at least two sides of the plant
in smooth vertical motions from the crown to the bottom. Make
sure to cover the crown whenever possible.

For target species over 8 feet tall, lace sides of the target
vegetation by directing spray to at least two sides of the target
in smooth zigzag motions from crown to bottom.

Low Volume Foliar with Hydraulic Handgun
Application Equipment:

Use same technique as described above for Low Volume
with Backpacks.

For broadcast applications, simulate a gentle rain near the top
of target vegetation, allowing spray to contact the crown and
penetrate the target foliage without falling to the understory.
Herbicide spray solution which contacts the understory may
result in severe injury or death of plants in the understory.

SPRAY SOLUTION MIXING GUIDE FOR LOW-
VOLUME FOLIAR APPLICATIONS

AMOUNT OF
SPRAY
SOLUTION [‘.lESIFIE"DI (‘J‘:)N(?‘ENTRATION
BEING uid volume)
PREPARED
0.5% 0.75% 1% 1.5% 5%
(amount of HABITAT to use)
1 gallon 06o0z. 080z 130z. 190z 650z
3 gallons 190z. 2807z, 380z 580z 1.2 pint
4 gallons 250z. 38o0z. 510z, 770z 1.6 pint
5 gallons 320z 480z 650z 960z 2 pints
50 gallons 2pints 3 pints 4 pints 6 pints 10 quarts
100 gallons 4pints 6Bpnts 8pints 6Hquarts 5gallons

2 lablespoons = 1 fluid ocunce

High Volume Foliar:

For optimum performance when spraying medium to high-
density vegetation, use equipment calibrated to deliver up to
100 gallons of spray solution per acre (GPA). Spray solutions
exceeding 100 GPA may result in excessive spray run-off,
causing increased ground cover injury, and injury to desirable
species. To prepare the spray solution, thoroughly mix
HABITAT® herbicide in water and add a surfactant (see
ADJUVANT section for specific recommendations and rates
of surfactants). A foam-reducing agent may be added at the
recommended label rate, if needed. For control of difficult species
(see AQUATIC WEEDS CONTROLLED section and the
ADDITIONAL WEEDS CONTROLLED BY HABITAT
section for relative susceptibility of weed species), use the higher
concentrations of herbicide and/or spray volumes, but do not
apply more than 6 pints of HABITAT per acre. Uniformly cover

the foliage of the vegetation to be controlled but do not apply
to run-off. Excessive wetting of faliage is not recommended.

Side Trimming:
DO NOT side trim with HABITAT unless severe injury or death

of the treated tree can be tolerated. HABITAT is readily
translocated and can result in death of the entire tree.

CUT SURFACE TREATMENTS

HABITAT may be used to control undesirable woody vegetation
by applying the HABITAT solution to the cambium area of
freshly cut stump surfaces or to fresh cuts on the stem of the
target woody vegetation. Applications can be made at any time
of the year except during periods of heavy sap flow in the spring.
Do not overapply solution causing run-off from the cut surface.
Injury may occur to desirable woody plants if the shoots extend
from the same root system or their root systems are grafted to
those of the treated tree.

CUT SURFACE APPLICATIONS WITH DILUTE AND
CONCENTRATE SOLUTIONS:
HABITAT may be mixed as either a concentrated or dilute
solution. The dilute solution may be used for applications to the
cut surface of the stump or to cuts on the stem of the target
woody vegetation. Concentrated solutions may be used for
applications to cuts on the stem. Use of the concentrated
solution permits application to fewer cuts on the stem, especially
for large diameter trees. Follow the application instructions to
determine proper application techniques for each type of
solution.

* To prepare a dilute solution, mix 8 to 12 fluid ounces of
HABITAT with one gallon of water. The use of a surfactant
or penetrating agent may improve uptake through partially
callused cambiums.

* To prepare a concentrated solution, mix 2 quarts of
HABITAT with no more than 1 quart of water.

Cut stump treatments:

¢ Dilute Solution- spray or brush the solution onto the cambium
area of the freshly cut stump surface. Insure that the solution
thoroughly wets the entire cambium area ({the wood next
to the bark of the stump).

Cut stem (injection, hack & squirt) treatments:

» Dilute Solutions- Using standard injection equipment, apply
1 milliliter of solution at each injection site around the tree
with no more than one-inch intervals between cut edges.
Insure that the injector completely penetrates the bark at
each injection site.

* Concentrate Solutions- Using standard injection equipment,
apply 1 milliliter of solution at each injection site. Make at
least one injection cut for every 3 inches of Diameter at
Breast Height (DBH) on the target tree. For example, a 3-
inch DBH tree will receive 1 injection cut and a 6-inch DBH
tree will receive 2 injection cuts. On trees requiring more
than one injection site place the injection cuts at
approximately equal intervals around the tree.

Frill or girdle treatments:

¢ Using a hatchet, machete, or chainsaw, make cuts through
the bark and completely around the tree to expose the
cambium. The cut should angle downward extending into
the cambium enough to expose at least two growth rings.
Using a spray applicator or brush, apply a 25% to 100%
solution of HABITAT into each cut until thoroughly wet.
Avoid applying so much herbicide that runoff to the ground
or water occurs.
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AQUATIC SPECIES CONTROLLED

HABITAT® herbicide will control the following target species as specified in the BASF RECOMMENDATION section of the table.
Rate recommendations are expressed in terms of product volume for broadcast applications and as a % solution for directed
applications including spot treatments. For % solution applications, DO NOT apply more than the equivalent of 3
quarts of HABITAT per acre.

COMMON NAME SCIENTIFIC NAME BASF RECOMMENDATION

Floating Species

Duckweed Lemna minor 2-3 pints/acre (1% solution) applied in 100 GPA water mix. Ensure
100% coverage of actively growing, emergent foliage.
Duckweed, Giant Spirodela polyriza 2-3 pints/acre (1% solution) applied in 100 GPA water mix. Ensure

100% coverage of actively growing, emergent foliage.

Frogbit Limnobium spongia 1-2 pints/acre (0.5% solution) applied in 100 GPA water mix.
Ensure 100% coverage of actively growing, emergent foliage.
Spatterdock Nuphar luteun Apply a tank-mix of 2-4 pints/acre HABITAT + 4 to 6 pints/acre

glyphosate (0.5% HABITAT + 1.5% glyphosate) in 100 GPA water
for best control. Ensure 100% coverage of actively growing, emer-
gent foliage.

Water Hyacinth

Eichhornia crassipes

1-2 pints/acre (0.5% solution) applied in 100 GPA water to actively
growing foliage.

Water Lettuce

Pistia stratiotes

1-2 pints/acre (0.5% solution) applied in 100 GPA water mix.
Ensure 100% coverage of actively growing, emergent foliage.

Emerged Species

Alligatorweed

Alternanthera philoxeroides

1 to 4 pints/acre (0.5% solution) applied in 100 GPA water mix.
Ensure 100% coverage of actively growing emergent foliage.
Tank-mix with glyphosate is NOT recommended, and may reduce
alligatorweed control, requiring higher HABITAT rates.

Arrowhead, Duck-potato Sagittaria spp. 1-2 pints/acre (0.5% solution) applied in 100 GPA water mix.
Ensure 100% coverage of actively growing, emergent foliage.

Bacopa, lemon Bacopa spp. 1-2 pints/acre (0.5% solution} applied in 100 GPA water mix.
Ensure 100% coverage of actively growing, emergent foliage.

Parrot feather Myriophyllum aquaticum Must be foliage above water for sufficient HABITAT uptake. Apply
2 - 4 pints to actively growing emergent foliage.

Pennywort Hydrocotyle spp. 1-2 pints/acre (0.5% solution) applied in 100 GPA water mix.
Ensure 100% coverage of actively growing, emergent foliage.

Pickerelweed Pontederia cordata 2-3 pints/acre (1% solution) applied in 100 GPA water mix. Ensure

100% coverage of actively growing, emergent foliage.

Taro, wild; Dasheen;

Colocasia esculentum

4-6 pints/acre (1.5% solution) applied in 100 GPA with a high -

Elephant's Ear; quality 'sticker' adjuvant. Ensure good coverage of actively grow-
Coco Yam ing, emergent foliage.
Water lily Nymphaea odorata 2-3 pints/acre (1% solution) applied in 100 GPA water mix. Ensure

100% coverage of actively growing, emergent foliage.

Water primrose

Ludwigia uruguayensis

4-8 pints/acre (1.5% solution), ensure 100% coverage of actively
growing, emergent foliage. Tank-mix with glyphosate is NOT rec-
ommended and may reduce water primrose control.

{continued)
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COMMON NAME

SCIENTIFIC NAME

BASF RECOMMENDATION

Terrestrial/Marginal

Soda Apple, aquatic;
Nightshade

Solanum tampicense

2 pts./acre applied to foliage

Bamboo, Japanese

Phylfostachys spp.

3 to 4 pints/acre applied to the foliage when plant is actively grow-
ing. Before setting seed head. More foliage will result in greater
herbicide uptake, resulting in greater root kill,

Brazilian Pepper;
Christmasberry

Schinus terebinthifolius

2 - 4 pints/acre applied to foliage

Cattail

Typha spp.

2-4 pints (1% solution) applied to actively growing, green foliage
after full leaf elongation. Lower rates will control cattail in the north;
higher rates are needed in the south.

Chinese Tallow Tree

Sapium sebiferum

16 to 24 oz applied to foliage

Cogon Grass

Imperata cylindrica

Burn foliage, till area, that fall spray 2 gt./acre HABITAT + MSO
applied to new growth.

Cordgrass, prairie

Spartina spp.

4-6 pints applied to actively growing foliage

Cutgrass Zizaniopsis miliacea 4-6 pints applied to actively growing foliage
Elephant Grass; Pennisetun purpureum 3 pts./acre applied to actively growing foliage
Napier Grass-

Flowering rush Butumu typla 2-3 pints applied to actively growing foliage

Giant Reed, Wild Cane

Arundo donax

4 to 6 pints/acre applied in spring to actively growing foliage

Golden Bamboo Phyllostachys aurea 3 to 4 pints/acre applied to the foliage when plant is actively grow-
ing. Before setting seed head. More foliage will result in greater
herbicide uptake, resulting in greater root Kill.

Junglerice Echinochioa colonum 3-4 pints applied to actively growing foliage

Knapweeds Centaurea species Russian Knapweed - 2 to 3 pints + 1 gt./acre MSO fall applied

after senescence begins

Knotweed, Japanese
(see Fallopia japonica)

Polygonum cuspidatum

3 to 4 pts./acre applied postemergence to actively growing foliage

Melaleuca; Paperbark Tree

Melaleuca quinquenervia

For established stands, apply 6 pints/acre HABITAT® herbicide
+ 6 pints/acre glyphosate + spray adjuvant. For best results use 4
gt./A methylated seed oil as an adjuvant. For ground foliar applica-
tion, uniformly apply to ensure 100% coverage. For broadcast
foliar control, apply aerially in a minimum of two passes at 10 gal-
lons/acre applied cross treatment. For spot treatment use a 25%
HABITAT + 25% solution of + glyphosate + 1.25% MSQ in water
applied as a frill or stump treatment.

Nutgrass; Kili'p'opu

Cyperus rotundus

2 pints HABITAT + 1 gt./acre MSO applied early postemergence

Nutsedge

Cyperus spp.

2 to 3 pints postemergence to foliage or pre-emergence incorpo-
rated, non-incorporated preemergence applications will not con-
trol.

{continued)
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AQUATIC SPECIES CONTROLLED (CONT.)

COMMON NAME SCIENTIFIC NAME

BASF RECOMMENDATION

Terrestrial/Marginal (Cont.)

Phragmites; Common Reed  Phragmites australis

4 to 6 pints/acre applied to actively growing, green foliage after full
leaf elongation, ensure 100% coverage. If stand has a substantial
amount of old stem tissue, mow or burn, allow to regrow to
approximately 5' tall before treatment. Lower rates will control
phragmites in the north; higher rates are needed in the south.

Poison Hemlock

Conium macufatum

2 pints HABITAT + 1 gt./acre MSO applied preemergence to
early postemergence to rosette, prior to flowering

Purple Loosestrife

Lythrum salicaria

1 pint/acre applied to actively growing foliage

Reed canarygrass

Phalaris arundinacea

3 to 4 pints/acre applied to actively growing foliage

Rose, swamp

Rosa palustris

2 to 3 pts./acre applied to actively growing foliage

Russian-Olive Elasagnus angustifolia

2 to 4 pints/acre or a 1% solution, applied to foliage

Saltcedar; Tamarisk Tamarix species

Aerial apply 2 gts. HABITAT + 0.25%v/v NIS applied to actively
growing foliage during flowering. For spot spraying use 1% solu-
tion of HABITAT + 0.25%v/v NIS and spray to wet foliage. After
application wait at least two years before disturbing treated
saltcedar. Earlier disturbance can reduce overall control.

Smartweed Polygonum spp. 2 pints/acre applied early postemergence

Sumac Rhus spp. 2 to 3 pts./acre applied to foliage

Swamp Morning Glory; Ipomoea aquatica 1 to 2 pints/acre HABITAT + 1 gt./acre MSO applied early poste-
Water Spinach; mergence

Kangkong

Torpedo Grass Panicum repens 4 pints/acre (1 - 1.5% solution), ensure good coverage to actively

growing foliage.

White Top; Hoary Cress Cardaria draba

1 to 2 pints/acre applied in spring, to foliage, during flowering.

Willow Salix spp.

2 to 3 pts./acre HABITAT applied to actively growing foliage,
ensure good coverage.

ADDITIONAL WEEDS CONTROLLED BY
HABITAT HERBICIDE

In terrestrial sites, HABITAT® herbicide will provide
preemergence or postemergence control with residual control
of the following target vegetation species at the rates listed.
Residual control refers to control of newly germinating seedlings
in both annuals and perennials. In general, annual weeds may
be controlled by preemergence or postemergence applications
of HABITAT. For established biennials and perennials
postemergence applications of HABITAT are
recommended.

The rates shown below pertain to broadcast applications and
indicate the relative sensitivity of these weeds. The relative
sensitivity should be referenced when preparing low volume
Spray solutions (see "Low Volume" section of "Ground
Applications"); low volume applications may provide control of
the target species with less HABITAT per acre than is shown
for the broadcast treatments. HABITAT should be used only

in accordance with the recommendations on this label and
the leaflet label.

The relative sensitivity of the species listed below can also
be used to determine the relative risk of causing non-target
plant injury if any of the below listed species are considered
to be desirable within the area to be treated.

Resistant Biotypes: Naturally occurring biotypes (a plant
within a given species that has a slightly different, but distinct
genetic makeup from other plants of the same species) of
some weeds listed on this label may not be effectively
controlled. If naturally occurring resistant biotypes are
present in an area, HABITAT should be tank-mixed or
applied sequentially with an appropriate registered herbicide
having a different mode of action to ensure control.
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GRA ES GRASSES (CON
GROWTH GROWTH
COMMON NAME SPECIES HABIT2 COMMON NAME SPECIES HABIT2
Apply 2-3 pints per acret Apply 4-6 pints per acre'
Annual bluegrass (Poa annua) A Bahiagrass (Paspalum notatum) P
Broadleaf signalgrass(Brachiaria platyphylla) A Bermudagrass® (Cynodon dactylon) P
Canada bluegrass  (Poa compressa) P Big bluestem (Andropogon gerardii) i
5 o . r A Dallisgrass (Paspalum dilatatum) P
0
QYeRy Jrois (BrOmNg Yectonym) Feathertop {(Pennisetum villosum) P
Fescue (Festuca spp.) AP Guineagrass (Panicum maximum) P
Foxtail (Setaria spp.) A Saltgrass? (Distichlis stricta) P
Italian ryegrass (Lofium multiflorum) Sand dropseed {{:Srﬁp?;;r?g:g;} P
Johnsongrass (Sorghum halepense) P Sprangletop (Leptochloa spp.) A
Kentucky bluegrass (Poa pratensis) P Timothy (Phleum pratense) P
Lovegrass (Eragrostis spp.) AP Wirestem muhly {(Muhlenbergia frondosa) P
Napier grass {Pennisetum P
BROADLEAF WEEDS
purpureum) GROWTH
Orchardgrass (Dactylis glomerata) P COMMON NAME SPECIES HABIT?
Paragrass (Brachiaria mutica) P Apply 2-3 pints per acre!
Quackgrass (Agropyron repens) P Burdock (Arctium spp.) B
Sandbur (Cenchrus spp.) A Carpetweed (Mollugo verticillata) A
Sand dropseed {Sporobulus P Carolina geranium {Gera_ni_um A
tandeis) carolinianum)
cr & us .
ypranor Clover (Trifolium spp.) A/P
Smooth brome (Bromus inermis) P Common chickweed (Stellaria media) A
Vaseygrass (Paspalum urvillei) P Common ragweed (Ambrosia artemisiifolia) A
Wild oats (Avena fatua) A Dandeiion {Taraxacum officinale) P
] ] ] Dog fennel {Eupatorium A
Witchgrass (Panicum capillare) A capillifolium)
Filaree (Erodium spp.) A
i 1
Apply 3-4 pints per acre Fleabane (Erigeron spp.) A
Barnyardgrass {Echinochloa crus-gali) A Hoary vervain (Verbena stricta) P
Beardgrass (Andropogon spp.) P Indian mustard (Brassica juncea) A
hi 5 :
Bluegrass, Annual (Poa annua) A tochia HGckia seoparid) &
_ Lambsquarters {Chenopodium album) A
Bulrush {Scirpus validus) P Lespedeza (Lespedeza spp.) p
Cheat (Bromus secalinus) A Miners lettuce (Montia perfoliata)
- A
Crabgrass (Digitaria spp.) A -
Mullein (Verbascum spp.) B
Crowfootgrass (Dactyloctenium A Nettleleaf goosefool (Chenopodium murale) A
aegyptium) Oxeye daisy (Chrysanthemum P
Fall panicum (Panicum A leucanthemum)
dichotomiflorum) Pepperweed (Lepidium spp.) A
) Pigweed Amaranthus spp.
Goosegrass (Eleusine indica) A IWE " ( nlwa a s pp.} A
: Puncturevine {Tribulus terrestris) A
ltchgrass (Rottboellia exaltata) A Russian thistle (Salsola kali) A
Lovegrass {Eragrostis spp.) A Smartweed (Polygonum spp.) A/P
Maidencane (Panicum hemitomon) A Sorrell (Rumex spp.) P
] . Sunflower Helianthus spp. A
Panicum, Browntop (Panicum fasciculatum) A Lnto (e . pp.J
Sweet clover (Melilotus spp.) A/B
Panicum, Texas (Panicum texanum) A Tansymustard (Descurainia pinnata) A
Prairie threeawn (Aristida oligantha) P Western ragweed (Ambrosia psilostachya) P
Sandbur, Field (Cenchrus incertus) A Wild carrot (Daucus carota) B
] Wild lettuce Lactuca spp. A/B
Signalgrass {Brachiaria platyphylla) A 2 : tgc - BE ),
Wild parsnip (Pastinaca sativa) B
Wild barley (Hordeum spp.) A Wild turnip (Brassica campestris) B
Wooly Cupgrass (Eriochloa villosa) A Woollyleaf bursage (Franseria tomentosa) P
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BROADLEAF WEEDS (CONT)

VINES AND BERAMBLES (CONT)

GROWTH GROWTH
COMMON NAME SPECIES HABIT? COMMON NAME SPECIES HABIT2
Yellow woodsorrel {Oxalis stricta) P Wild rose (Rosa spp.) P
Apply 3-4 pints per acre’ tncluding:
Broom snakeweed® (Gutierrezia sarothrae) P Multitlora rose (Rosa
Bull thistle (Cirsium vulgare) B multitiora) =
Burclover Medi o sSpp. A
Chick u Y (ch c{alg p_[: ) ; A McCartney rose (Rosa
ickweed, Mouseear/ e.ras wum vulgatum) bracteata) p
Clover, Hop {Trifolium procumbens) A
- i 1
Cocklebur (Xanthium strumarium) A Apply 4-6 pints per acre
Cudweed (Gnaphalium spp.) A Kudzu? (Pueraria lobata)
Desert Camelthorn (Alhagi pseudalhagi) P Trumpetcreeper (Campsis radicans)
Dock (Rumex spp.) P Virginia creeper (Parthenocissus
Fiddleneck (Amsinckia intermedia) A quinquefolia)
Goldenrod Solid i
0 d? N ( Of,ago Spp ', E Wild grape (Vitis spp.) P
Henbit (Lamium aplexicaule) A
Knotweed, prostrate (Polygonum aviculare) AP
Pokeweed {(Phytolacca americana) P BRUSH SPECIE scudoacacia) P
Purslane (Portulaca spp.) A Black gum {(Nyssa sylvatica) P
Pusley, Florida (Richardia scabra) A Box elder (Acer negundo) p
Rocket, London (Sisymbrium irio) A oh P B
rr runus spp.
Rush skeletonweed* (Chondrilla juncea) B ety VOlS SPp.)
Saltbush (Atriplex spp.) A Chinaberry (Melia azadarach) P
Shepherd's-purse (Capsella A Dogwood (Cornus spp.) P
bursa-pastoris) £l Ul b
G mus spp.
Spurge, Annual (Euphorbia spp.) A L ( 43 S0D-/
Stinging nettle? {Urtica dioica) P Hawthorn (Crataegus spp.) P
Velvetleaf (Abutilon theophrasti) A Hickory (Carya spp.) P
Yellow starthistle {Centaurea solstitialis) A Honeylocusts (Gleditsia triacanthos) =1
Apply 4-6 pints per acre! Maple (Acer spp.) p
Arrowwood (Pluchea sericea) A
Canada thistle {Cirsium arvense) P Multaney (Morys spp-) £
Giant ragweed (Ambrosia trifida) A Oak (Quercus spp.) P
Grey rabbitbrush (Chrysothamnus Persimmon (Diospyros virginiana) P
nauseosus) P ) ;
- ) Pines (Pinus spp.) P
Little mallow {Malva parviflora) B
Milkweed (Asclepias spp.) p Poplar (Populus spp.) E
Primrose (Oenothera kunthiana) Privet (Ligustrum vulgare) P
PSilverleaf nightshade
(Solanim 9 4 Red Alder (Alnus rubra) P
eleagnifolium) Red Maple (Acer rubrum) p
Sowlhistls (Sonchis Spp.) = Russian QOlive (Eleagnus angustifolia) P
Texas thistle (Cirsium texanum) P i T
Sassafras (Sassafras albidum) P
VINES AND BRAMBLES Sourwood (Oxydendrum arboreum) P
GROWTH T :
L d b fi P
COMMON NAME SPECIES HABIT? S Etad {Liguldampee 8t yraciiivg)
Water willow (Justica americana) P
Apply 1 pint per acre : :
Field bindweed (Convolvulus arvensis) P Willow (Salix spp.) P
Hedge bindweed (Calystegia sequium} A Yellow poplar (Liriodendron tulipifera) P
Apply 2-3 pints per acre! . ) . i
Wild Buckwhest (Polygonum p Thfe higher rates should be used where heavy or well-established infes-
convolvulus) tations occur.
Apply 3-4 pints per acre! 2 Growth Habit - A = Annual, B = Biennial, P = Perennial
Greenbriar (Smilax spp.) P 3 Use a minimum of 75 GPA - Control of established stands may require
Honeysuckle (Lonicera spp.) P repeat applications.
Morningglery (lpomoea spp.) A/P “ For best results early postemergence applications are required.
Poison ivy (Rhus radicans) P 5Tank mix with glyphosate or triclopyr.
Redvine (Brunnichia cirrhosa) P

11
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For more information, please visit our web site
WWW.vmanswers.com

Agricultural Products

12

DISCLAIMER

The label instructions for the use of this product reflect the
opinion of experts based on research and field use. The
directions are believed to be reliable and should be followed
carefully. However, it is impossible to eliminate all risks
inherently associated with use of this product. Turf injury,
ineftectiveness or other unintended consequences may result
because of such factors as weather conditions, presence
of other materials, or the use of, or application of the product
contrary to label instructions, all of which are beyond the
control of BASF Corporation (BASF). All such risks shall be
assumed by the user.

BASF shall not be responsible for losses or damages resutting
from use of this product in any manner not set forth on this
label. User assumes all risks associated with the use of this
product in any manner not specifically set forth on this label.

BASF warrants only that the material contained herein
conforms to the chemical description on the label and is
reasonably fit for the use therein described when used in
accordance with the directions for use, subject to the risks
referred to above. BASF DOES NOT MAKE OR AUTHORIZE
ANY AGENT OR REPRESENTATIVE TO MAKE ANY OTHER
WARRANTIES, EXPRESS OR IMPLIED AND EXPRESSLY
EXCLUDES AND DISCLAIMS ALL IMPLIED WARRANTIES
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE.

BUYER'S EXCLUSIVE REMEDY AND BASF'S EXCLUSIVE
UABILITY, WHETHER IN CONTRACT, TORT, NEGLIGENCE,
STRICT LIABILITY OR OTHERWISE, SHALL BE LIMITED
TO REPAYMENT OF THE PURCHASE PRICE OF
HABITAT® herbicide. In no case shall BASF or the seller
be liable for consequential, special or indirect damages
resulting from the use or handling of this product.

BASF makes no other express or implied warranty, including
other express or implied warranty of FITNESS or of
MERCHANTABILITY. User assumes the risk of any use
contrary to label instructions, or under abnormal conditions,
or under conditions not reasonably foreseeable by BASF.

Habitat is a registered trademark of BASF.
Microfoil is a trademark of Rhone Poulenc Ag Company.
Thru-Valve is a trademark of Waldrum Specialties.

© 2003 BASF Corporation
All rights reserved
000241-00426.20031202.NVA 2003-04-246-0164.pdf

BASF Corporation
26 Davis Drive
Research Triangle Park, NC 27709

BASF
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BASF Corporation BASF

MATERIAL SAFETY DATA SHEET EMERGENCY TELEPHONE NUMBERS:
Agnearrg Braducts Grouy BASF Corporation: 1 (800) 832-HELP

P.0.Box 13528,

Research Triangle Park, NC 27709 CHEMTREC: 1 (800) 424-9300

(919) 547-2000

Product No.: 58A119 Habitat ® Herbicide
Date Prepared: 9/22/2003 Date Revised: 1/21/2004

B SECTION |

| Trade Name: Habitat ® Herbicide

acid, salt with 2-propanamine (1:1)

Chemical Name:  2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-3-pyridinecarboxylic |

Synonyms: Isopropylamine of imazapyr; AC252, 925; Formula: C(13)H(15)N(3)O(3).C(3)H(9)N
" Chemical Family: Imidazolinone _ Mol Wt: 3204
SECTIONII - lNGREDIENTS
COMPONENT CASNO. | % | PEL/TLV - SOURCE
Isopropylamine salt of Imazapyr 81510-83-0 28.7 0.5 mg/m3 TWA BASF recommended

inerts N/A 713 None established
SARA Title Ill Section 313: Not listed “ e

SECTION lil - PHYSICAL DATA

BOILING/MELTING POINT@760mm Hg: N/D pH: 6.6- 7.2

VAPOR PRESSURE mmHg @ 20°C: N/D

SPECIFIC GRAVITY OR BULK DENSITY:  1.04 - 1.07 g/mL
SOLUBILITY INWATER:  Soluble

APPEARANCE: Clear blue liquid ODOR: Ammonia  INTENSITY: Slight
SECTION IV - FIRE AND EXPLOSION DATA
FLASH POINT (TEST METHOD):  >210°F SFCC [ AUTOIGNITION TEMP: > 200° F
[FLAMMABILITY LIMITS IN AIR (% BY VOL): - LOWER: ND UPPER:ND
'NFPA 704 HAZARD CODES '
'HEALTH: 1 FLAMMABLE: 1 INSTABILITY: 0 OTHER: N/R

NFPA 30 STORAGE CLASSIFICATION: Class llIB

EXTINGUISHING [Use water fog, fdam. CO(2), or dry chemical te_xtinguishing media.
MEDIUM

SPECIAL Firefighteré should be equipped with self-contained breathihg appar_atus and turnout gear.
FIREFIGHTING
PROCEDURES

UNUSUAL FIRE |None known.
EXPLOSION
HAZARDS

SELECT ACRONYM KEY

N/A - Not available; N/D - Not determined; N/R - Not rated; N/E - Not established
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Product No.: 58A119 Habitat ® Herbicide

il ol s <A S SAGF Corporation:
SECTION V - HEALTH DATA

TOXICOLOGICAL TEST DATA:
Data for formulated product:
Rat, Oral LD50 (combined sexes) > 5000 mg/kg
Rabbit, Dermal LD50 (combined sexes) > 2000 mg/kg
Rat, Inhalation LC50 (4 hr) > 4.62 mg/L
Rat, Inhalation LC50 (1 hr calculated) > 18.48 mg/L
Rabbit, Eye Irritation - Not Irritating
Rabbit, Skin Irritation - Mildly irritating
Guinea pig, Dermal Sensitizer - Not Sensitizer
|OSHA, NTP, or IARC Carcinogen: Not listed.
'EFFECTS OF OVEREXPOSURE:
See Product Label and Directions For Use for additional precautionary statements.
CAUTION
Avoid contact with skin, eyes, and clothing. Avoid breathing spray mist.

Existing medical conditions aggravated by this product:
None known.

FIRST AID PROCEDURES

If on skin: Wash with plenty of soap and water. Get medical attention if irritation persists.

If in eyes: Flush eyes with plenty of water. Call a physician if irritation persists.

If inhaled: Remove victim to fresh air. If not breathing, give artificial respiration, preferably mouth-to-mouth. Get medical
attention.

If swallowed: Call a physician or Poison Control Center. Drink 1 or 2 glasses of water and induce vomiting by touching back
of throat with finger. If person is unconscious, do not give anything by mouth and do not induce vomiting.

Note to physician: Treat symptomatically. No specific antidote.

Note: Have the product container or label with you when calling a poison control center or doctor or going for
treatment.

SECTION VI - REACTIVITY DATA
STABILITY: Stable. Do not store below 32° F or above 100° F.

CONDITIONS TO AVOID: Store in original container in cool,dry, well ventilated place away from ignition sources,
heat or flame. B

CHEMICAL INCOMPATIBILITY: Oxid_izing agents and reducing agents. B

HAZARDOUS DECOMPOSITION PRODUCTS: Including but not Iimit.éd to oxides of carbon and nitrogen.
HAZARDOUS POLYMERIZATION: Does not occur.

CONDITIONS TO AVOID: Does not polymerize.

CORROSIVE TO METAL: Mild steel, brass _ OXIDIZER: No
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io_duct No._:___ 58A1ﬁ) Habitat ® _H?_rbicide - - BASF Corporation
SECTION VIl - PERSONAL PROTECTION

Users of a pesticidal end use product should refer to the product label for personal protective equipment
requirements.

RECOMMENDATIONS FOR MANUFACTURING, COMMERCIAL BLENDING, AND PACKAGING
WORKERS:

Respiratory Protection:

Supplied air respirators should be worn if large quantities of mist/dust are generated or prolonged exposure
possible.

Eye Protection: )

Chemical goggles when respirator does not provide eye protection.

Protective Clothing:
Gloves and protective clothing as necessary to prevent skin contact.

Ventilation:
Whenever possible, engineering controls should be used to minimize the need for personal protective

equipment.
b - e Y SECTION VIl - ENVIRONMENTAL DATA
ENVIRONMENTAL TOXICITY DATA

See the product label for information regarding environmental toxicity.
SARA 311/312 REPORTING

FIRE:N PRESSURE: N REACTIVITY:N ACUTE: Y CHRONIC:N TPQ(Ibs): NIR
SPILL AND LEAK PROCEDURES: o

In case of large scale spillage of this product, avoid contact, isolate area and keep out animals and unprotected
persons. Call CHEMTREC (800 424-9300) or BASF Corporation (800 832-HELP). For a small spill, wear personal
protective equipment as specified on the label.

FOR A LIQUID SPILL: Dike and contain the spill with inert material (sand, earth, etc.) and transfer the liquid and
solid diking materials to separate containers for disposal.

FOR A SOLID SPILL: Sweep solid into a drum for re-use or disposal. Remove personal protective equipment
and decontaminate it prior to re-use.

HAZARDOUS SUBSTANCE SUPERFUND:  No RQ(Ibs): None
WASTE DISPOSAL METHOD: '

Pesticide wastes are acutely hazardous. Wastes resulting from this product may be disposed of on site or at an
approved waste disposal facility. Improper disposal of excess pesticide, spray mix or rinsate is a violation of federa
law. If these wastes cannot be disposed of according to label instructions, contact the state agency responsible for
pesticide regulation or the Hazardous Waste representative at the nearest EPA Regional Office for guidance.

HAZARDOUS WASTE 40CFR261: No HAZARDOUS WASTE NUMBER:None
CONTAINER DISPOSAL:

FOR PLASTIC CONTAINERS: Triple rinse (or equivalent) and add rinsate to the spray tank. Then offer for
recycling or reconditioning, or puncture and dispose of in a sanitary landfill, or by incineration, or if allowed by state
and local authorities, by burning. If burned, stay out of smoke.

FOR BULK CONTAINERS: Reusable containers should be returned to the point of purchase for cleaning and re-
filling.

FOR MINIBULK CONTAINERS: Clean all tanks on an approved loading pad so rinsate can be collected and mixed
into the spray solution or into a dedicated tank. Using a high pressure sprayer, rinse several times with small
volumes of water to minimize rinsate.
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Product No.: 58A1 19 Habitat ® Herbicide BASF Corporatlnn
SECTION IX - SHIPPING DATA - PACKAGE AND BULK
D.O.T. PROPER SHIPPING NAME (49CFR172.101-102): HAZARDOUS SUBSTANCE
None (49CFR CERCLA LIST):
None

RQ(lbs): None

D.O.T. HAZARD CLASSIFICATION (CFR 172.101-102):

PRIMARY SECONDARY

None None

D.O.T. LABELS REQUIRED (49CFR172.101-102): D.O.T. PLACARDS POISON CONSTITUENT |
REQUIRED (CFR172.504):  (49CFR172.203(K)):

i None None None

BILL OF LADING DESCRIPTION

Compounds, tree or weed killing, NOIBN
This product is not regulated by the Department of Transportation (DOT). It does not meet the definition of DOT
corrosive (49 CFR 173.136).

CC NO.: Not applicable UN/NA CODE:
SECTION X - ADDITIONAL INFORMATION

Habitat ® Herbicide

KEEP OUT OF REACH OF CHILDREN
CAUTION

BASF Corporation

Agricultural Products Group
P.O.Box 13528,

Research Triangle Park, NC 27709
(919) 547-2000

DISCLAIMER

IMPORTANT: WHILE THE DESCRIPTIONS, DESIGNS, DATA AND INFORMATION CONTAINED HEREIN ARE
PRESENTED IN GOOD FAITH AND BELIEVED TO BE ACCURATE, IT IS PROVIDED FOR YOUR GUIDANCE
ONLY. BECAUSE MANY FACTORS MAY AFFECT PROCESSING OR APPLICATION/USE, WE RECOMMEND
THAT YOU MAKE TESTS TO DETERMINE THE SUITABILITY OF A PRODUCT FOR YOUR PARTICULAR
PURPOSE PRIOR TO USE. NO WARRANTIES OF ANY KIND, EITHER EXPRESS OR IMPLIED, INCLUDING
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, ARE MADE REGARDING
PRODUCTS DESCRIBED OR DESIGNS, DATA OR INFORMATION SET FORTH, OR THAT THE PRODUCTS,
IDESIGNS, DATA OR INFORMATION MAY BE USED WITHOUT INFRINGING THE INTELLECTUAL PROPERTY
RIGHTS OF OTHERS. IN NO CASE SHALL THE DESCRIPTIONS, INFORMATION, DATA OR DESIGNS
PROVIDED BE CONSIDERED A PART OF OUR TERMS AND CONDITIONS OF SALE. FURTHER, YOU
EXPRESSLY UNDERSTAND AND AGREE THAT THE DESCRIPTIONS, DESIGNS, DATA, AND INFORMATION
FURNISHED BY BASF HEREUNDER ARE GIVEN GRATIS AND BASF ASSUMES NO OBLIGATION OR
LIABILITY FOR THE DESCRIPTION, DESIGNS, DATA AND INFORMATION GIVEN OR RESULTS OBTAINED,
IALL SUCH BEING GIVEN AND ACCEPTED AT YOUR RISK.
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Appendix C:

Labels and Material Safety Data Sheets
for Surfactants Proposed for Use with Habitat®
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@

WILBUR-ELLIS
IREAS 1D GROW WITH®

OMPETITOR®

Modified Vegetable Oil

U.S. Patent No. 5,631,205

CA Reg. No. 2935-50173

PRINCIPAL FUNCTIONING AGENTS % By Wt.
Ethyl Oleate, Sorbitan Alkylpolyethoxylate Ester,
Dialkyl Polyoxyethylene Glycol........................ ... 98%
Constituents Ineffective as spray adjuvant .. e 2%

KEEP OUT REACH OF CHILDREN
CAUTION

PRECAUTIONARY STATEMENTS
HAZARDS TO HUMANS AND DOMESTIC ANIMALS
CAUTION: Harmful if swallowed. Avoid breathing vapors or spray mist. Avoid
contact with skin, eyes or clothing. Causes eye and skin irritation. Do not get
in eyes, on skin or on clothing. Wear proper eye protection to reduce splash
exposure. Wear protective gloves and proper personal protective equipment
to reduce skin exposure. Wash thoroughly with soap and water after handling.
Remove and wash contaminated clothing before reuse. This product may cause

an allergic reaction in sensitive individuals.

FIRST AID

IF SWALLOWED, Call a poison control center or doctor immediately for treat-
ment advice. Have person sip a glass of water if able to swallow. Do not in-
duce vomiting unless told to do so by a poison control center or doctor. Do not
give anything by mouth to an unconscious person. IF IN EYES, Hold eye
open and rinse slowly and gently with water for 15-20 minutes. Remove con-
tactlenses, if present, after the first 5 minutes, then continue rinsing eye. Call
a poison control center or doctor for treatment advice. IF ON SKIN OR CLOTH-
ING, Take off contaminated clothing. Rinse skin immediately with plenty of
water for 15-20 minutes. Call a poison control center or doctor for treatment
advice. IFINHALED, Move person to fresh air. If person is not breathing, call
911 or an ambulance, then give artificial respiration, preferably mouth-to-mouth
if possible. Call a poison control center or doctor for further treatment advice.

READ ENTIRE LABEL. USE STRICTLY IN ACCORDANCE WITH PRE-
CAUTIONARY STATEMENTS AND DIRECTIONS AND WITHAPPLICABLE
STATE REGULATIONS.

Read label of pesticide carefully. Keep container tightly closed and DO NOT
allow water to be introduced to contents of this container.

GENERAL INFORMATION

COMPETITOR is a Modified Vegetable Oil containing a non-ionic emulsifier
system. COMPETITOR can be used with products where a modified veg-
etable oil or crop oil concentrate is recommended.

PREPARATION OF SPRAY MATERIAL

Fill spray tank one-half full of water. Add the required amount of pesticide while
agitating. Add remainder of the water. Add the recommended amount of COM.-
PETITOR last and continue agitation until completion of spraying.

WA Reg. No. AW-2935-04001

EPA Est. NO. 2935-TX-2

DIRECTIONS FOR USE
Aquatics: COMPETITOR may be used as an additive with aquatically la-
beled pesticides. The use rates for COMPETITOR should follow the recom-
mended surfactant rate that is specified on the pesticide product label. If there
is no recommended surfactant rate on the pesticide label, COMPETITOR
should be used at the rate of 2 to 4 pints per 100 gallons of spray solution.

STORAGE AND DISPOSAL

Do not contaminate water, food or feed by storage, disposal or cleaning of
equipment. Open dumping is prohibited.

STORAGE: Keep productin original container. Do not put concentrate
or dilute into food or drink containers. For help with any spill, leak, fire or
exposure involving this material, call day or night CHEMTREC (800) 424-
9300.

PESTICIDE DISPOSAL: Wastes resulting from the use of this product
may be disposed of on site or at an approved waste disposal facility.
CONTAINER DISPOSAL: Triple rinse (or equivalent). Do not reuse con-
tainer. Offer for recycling or reconditioning or puncture and dispose of in
a sanitary landfill or by incineration, or, if allowed by state and local au-

thorities, by burning. If burned, stay out of smoke.

WARRANTY STATEMENT: WILBUR-ELLIS COMPANY warrants that this
product conforms to the chemical description on the label thereof and is rea-
sonably fit for purposes stated on such label only when used in accordance
with directions under normal use conditions. It is impossible to eliminate all
risks inherently associated with use of this product. Crop injury, ineffective-
ness or other unintended consequences may resuit because of such factors
as weather conditions, presence of other matenials or the manner of use or
application, all of which are beyond the control of WILBUR-ELLIS COMPANY.
In no case shall WILBUR-ELLIS COMPANY be liable for consequential, spe-
cial or indirect damages resulting from the use or handling of this product. All
such risks shall be assumed by the Buyer. The exclusive remedy of any buyer
or user of this product for any and all losses, injuries, or damages resulting
from or in any way arising from the use, handling or application of this product,
whether in contract, warranty, tort, negligence, strict liability or otherwise, shall
not exceed the purchase price paid for this product or at WILBUR-ELLIS
COMPANY'S election, the replacement of this product. WILBUR-ELLIS COM-
PANY MAKES NO WARRANTIES OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE NOR ANY OTHER EXPRESS OR IM-
PLIED WARRANTY EXCEPT AS STATED ABOVE.

WILBUR-ELLIS Logo® ,IDEAS TO GROW WITH® and COMPETITOR are
registered trademarks of WILBUR-ELLIS Company.

F-1104
IN CASE OF EMERGENCY,
CALL CHEMTREC: (800) 424-9300

NET CONTENTS: ___ _GALLON(S)

Manufactured by:

WILBUR-ELLIS COMPANY
PO BOX 16458 - FRESNO CA 93755
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WILBUR-ELLIS
IDEAS TO
PO BOX 16458 ® FRESNO CA 93755

Giow W(Tt®

MATERIAL SAFETY
DATA SHEET

PRODUCT/TRADE NAME:
COMPETITOR

NAME

PRODUCT/TRADE NAME: COMPETITOR
EPA REGISTRATION #: NONE
CHEMICAL NAME/COMMON NAME:
Ethyl Oleate/Ethyloleate

HAZARDOUS INGREDIENTS
CAS# OSHA PEL ACGIH TLV
Ethyloleate 111-62-6 NE NE
PHYSICAL DATA
SPECIFIC GRAVITY (H20 =1} 9
MELTING POINT: NA
VAPOR DENSITY (AIR = 1): NE
% VOLATILES BY VOL.: NE
ODOR: Fatty
APPEARANCE: Amber Liquid
FLASH POINT/METHOD: >150 Deg. C
VAPOR PRESSURE (mmHg): NE
SOLUBILITY IN H20; Emulsifiable

FIRE & EXPLOSION HAZARD
EXTINGUISHING MEDIA: [] Water Fog [X] Foam

[X] CO2 [X] Dry Chemical [] Other
FIRE FIGHTING PRECAUTIONS & HAZARDS:
Fight fire upwind. Wear positive pressure self-contained breathing apparatus
and full protective clothing. Do not breathe smoke or spray mist. Avoid fallout
and runoff. Dike to prevent entering drains, sewers, or waler courses. Evacu-
ate people downwind from fire.

CARCINOGEN STATUS

[ JAlcohol Foam

[] OSHA [1NTP [1ARC [X] No Listing Type
REACTIVITY

[X] Stable HAZARDOUS POLYMERIZATION

[ ] Unstable [ ] May Occur [X] Will Not Occur

AVOID: Strong oxidizers, organic material
HAZARDOUS DECOMPOSITION PRODUCTS: COx

SPILL OR LEAK PROCEDURES

STEPS TO BE TAKEN IN CASE OF SPILL: Absorb with inert material and
sweep or vacuum into disposal container.

DECONTAMINATION: Treat spill area with detergent and water. Absorb with
inert material. Place in disposal container and repeat procedure as necessary
until area is clean.

ENVIRONMENTAL HAZARDS: Dike to prevent entering drains, sewers or
waler courses.

DISPOSAL: Dispose of in accordance with Federal, State and local regulations.

HEALTH PRECAUTION DATA

INGESTION: Do not ingest. Wash thoroughly before eating, drinking or smoking.
INHALATION: No PELTLV established for this product. Do not inhale mist. Use
proper respiratory protective equipment for exposures above the PEL/TLV.
SKIN ABSORPTION: Avoid contact with skin. Can cause skin irritation. Wear
proper personal protective equipment to reduce skin exposure.

EYE EXPOSURE: Keep out of eyes. If exposed, flush eyes for a minimum of 15
minutes with water. Wear proper eye protection to reduce splash exposure.
EFFECTS OF OVEREXPOSURE: Material is not toxic or irritating to the skin.
No known chronic effects. No known preexisting medical conditions will be
aggravated by exposure.

FIRST AID: In all cases, get prompt medical attention. If ingested, give several
glasses of water and induce vomiting. Do not induce vomiting if person is
unconscious. For skin exposure, remove contaminated clothing and wash with
soap and water. For eye contact, irrigate for a minimum of 15 minutes with
water. If inhaled, remove victim to fresh air, and administer CPR if necessary.

IX. SPECIAL PROTECTION INFORMATION
RESPIRATORY PROTECTION: Use NIOSH/MSHA - approved respirator for
organic vapors for exposures up to 10 times the PEL/TLV. Positive pressure self-
contained breathing apparatus should be used for confined space entry and
exposures above 10 times the PEL/TLY.
PERSONAL PROTECTIVE EQUIPMENT: Neoprene or rubber gloves and safety

goggles.
VENTILATION: General ventilation.

X. SPECIAL PRECAUTIONS
Keep out of the reach of children. Read and follow all label instructions.

X1. REGULATORY DATA
SARA HAZARD CLASS: [X] Acute [] Chronic [ ] Flammable
[ ] Pressure [ ] Reactive [] None
SARA 313:  [] Yes [X] No Chemical:
SARA 3022 []Yes [X]No Chemical:
TPQ:
CERCLA: []1Yes [X] No Chemical:
RQ:
RCRA: [1Yes [X]No
NFPA HAZARD RATING: NFPA HAZARD RATING SCALE:
Health:  [1] R e
i 0 = Minimal 3 = Serious
FNE: (1] 1 = Slight 4 = Severe
Reactivity: [0} 4 Mgd i =Rve
Special: [ ] = Moderate
HMIS CODES: HMIS HAZARD RATING SCALE:
Health:  [1] 0 = Minimal 3 = Serious
Fire: [1] 1 = Slight 4 = Severe
Reactivity:[0] 2 = Moderate

DATE PREPARED: October 8, 2003
REVISED DATE:

Notice: This information was developed from information on the
constituent materials. No warranty is expressed or implied regarding
the completeness or continuing accuracy of the information contained
herein, and Wilbur-Ellis disclaims all liability for reliance thereon. The
user should satisfy himself that he has all current data relevant to his
particular use.

*Technical Material NE - Not Established NA - Not Applicable

24 Hour Emergency Phone Number
CHEMTREC: (800) 424-9300

wecomsdsv\Competitor. phS
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Material Safety Data Sheet

Product Name: Cygnet Plus
Page 1

Section | - Manufacturer Identification .
Manufacturer's Name: Brewer International ~ Address: PO Box 690037

Vero Beach, FL 32969
Emergeacy Phone: Chem Tel (800) 225-3924  Information Phone: (800) 228-1833

Section I1 - Composition/Information on Ingredients
¢ alkyl hydroxypoly oxyethylene 10%

¢ CAS #127036-24-2

¢ d’Limonene and related isomers 90%

Section I11-Health Hazard Data

Eye: Causes severe imtation, experienced as discomfort or pain, excess blinking and tear
production, redness, swelling, and chemical bum of the cye.

Skin: Bref contact is not irritating. Prolonged contact may cause discomfort and local redness.

Ingestion: May caus¢ abdominal discomfort, nausea, vomiting and diarrhea,

Inhalation: Mist may cause irritation of the respiratory tract, experienced as nasal discomfort,
and discharge, with chest pain and coughing.

Other Effects: No exposure limits established by OSHA. This material can causc lung injury if
disposed directly tnto the lung.

Section IV - First Aid Measures
Eye: Immcdiately flush eyes with water and continue washing for at least 135 minutcs. Obtain
medical attention.

Skin: Remove contaminated clothing. Wash skin with soap and water. Obtain medical attention if
irritation persists. Wash clothing before reusc,

Inhalation: Remove to fresh air. Obtain medical attention if symptoms persist.
Ingestion: Give two glasses of water. Do not induce vomiting. Obtain medical attention.

Other: Trcatment of overexposure should be directed at control of symptoms and the clinical
condition of paticnt.
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Product Name: Cygnet Plus
Page 2

Section V — Fire Fighting Measures
Fiash Point: >144 Deg. F. tag closed cup.

Fire Extinguishing Media: Foam, water fog, dry chemical, ABC fire extiriguisher”
Fire and Explosion Hazards: This material may produce floating fire hazards.

Fire Fighting Equipment: Self- contained positive breathing apparatus and protective clothing
should be worn.

Section V1 ~ Accidental Release Measures

If material is released or spilled, wear eye and skin protection. Floor may be slippery; use care to
avoid falling. Contain spills immediately with inert materials( ie. sand, earth). Avoid discharge to
natural waters. Transfer liquids and solid diking material to suitable containers for recovery or
disposal.

Section VII - Handling and Storage

Use with adequate ventilation. Wash thoroughly after handling. Spilled material is slippery.
Avoid overheating or freezing, avoid open flame. Matenal is combustible.

Section V111 — Exposure Control and Personal Protection
Ventilation: Adequate ventilation.

Respiratory Protection: If vapors present use approved respirator.

Skin Protection: Use of protective clothing is recommended.

Eye Protection: Wear full-face shield or goggles.

Exposure Guidelines: Use impervious gloves. Repeated skin contact could cause dermatitis

Section IX - Physical and Chemical Properties
Boiling Point: 329 Deg. F.

Vap. Pressure: At 20 Deg C. 3mmHg
Vap. Density: <4.7

Sol. In Water: Yes

Sp. Gravity: .87 @25 Dcg. C.
Appearance: Clear

Odor: Low pinc‘o;ior ‘\
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Product Name: Cygnet Plus
Page 3

Section X - Stability and Reactivity
Stability: Stable

Incompatibility: Avoid high temperatures and strong acids.

Hazardous Decomposition Products: Burning can produce carbon monoxide and/or carbon
dioxide. '

Hazardous Polymerization: Will not occur

Section XI - Toxicological Information
**Not listed as a carcinogen**

Section XII - Ecological Information
**Not known**

Section XIII - Disposal Considerations
Check local, state and federal regulations.

Section XIV — Transport Information
NMFC number is 4610, Adjuvants. NFPA rating is 1-health, 2-fire, O-reactivity, O-specific
hazard.

Section XV — Regulatory Information

Sara Hazard Category: This product has been reviewed according to the EPA hazard categories
under section 311 and 312 of SARA Title ITI, 1986, and is considered, under applicable
definitions, to meet the following categories:

¢ Hazardous components at level which require reporting are: none.

¢+ OSHA Hazard Communications Standards, 29 CFR 1910.1200 — This product is not
hazardous.

The information herein is given in good faith, but no warranty, expressed or implied, is made.

Consult Brewer International for more information. It ts the user’s obligation to determine the
conditions of safe use of the product

Date revised: September 26, 2002
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A NONIONIC SPRAY ADJUVANT

ACTIVE INGREDIENTS:

Proprietary blend of polyalkylene oxide modified polydimethylsiloxane, nonionic
emulsifiers, and methyl esters of C16 - C18 fatty acids................................89.00%
INGREDIENTS INEFFECTIVE AS SPRAY ADJUVANT.. wer.1.00%
All ingredients are accepted for use under CFR 40, 180.1001(c).
This product contains organosilicone surfactant.

CAS # 37281-78-0, 9003-11-6

IMEN LABEL

the result being a more uniform spray deposit. Although DYNE-AMIC® can affect
posilively the spray application, optimum application and effect can be affected by, but
is not limited to, the pesticide or product, the carrier, crop, pest, spray equipment,
_Spray volume and pressure, droplet size and environmental factors.

DIRECTIONS FOR USE

BEFORE USING THIS PRODUCT, READ ALL PRECAUTIONS, DIRECTIONS FOR
USE, CONDITIONS OF SALE - LIMITED WARRANTY AND LIMITATIONS OF
LIABILITY AND REMEDIES.

KEEP OUT OF REACH OF CHILDREN

CAUTION

SEE INSIDE PANEL FOR ADDITIONAL PRECAUTIONARY STATEMENTS

U.S. Patent number: 5,104,647 CA. Reg. No. 5905-50071-AA
CASN 0603/0305

NET CONTENTS: || 1 Gallon (3.785 Liters)
1| 2.5 Gallon (9.46 Liters)

STORAGE AND DISPOSAL

Do not contaminate water, food, or feed by storage and disposal.

PESTICIDE STORAGE: Keep container tightly closed. Do not allow water to be
infroduced to the contents of this container. Do not store near heat or open flame. Do
not store with oxidizing agents or ammonium nitrate.

PESTICIDE DISPOSAL: Wastes resulting form the use of this product may be
disposed of on site or at an approved waste disposal facility. Do not contaminate
waler by runoff from cleaning of equipment, disposal of equipment washwaters or
spray wasle.

CONTAINER DISPOSAL: Triple rinse (or equivalent). Then offer for recycling or
reconditioning, or puncture and dispose of in a sanitary landfill, or incineration, or if
allowed by state and local authorities, by buming. If bumed, STAY OUT OF SMOKE.

MANUFACTURED BY

HELENA CHEMICAL COMPANY

225 SCHILLING BOULEVARD, SUITE 300
COLLIERVILLE, TN 38017

PRECAUTIONARY STATEMENT

HAZARDS TO HUMANS ANS DOMESTIC ANIMALS

CAUTION

Avoid contact with formulated product. Do not take intemally. Avoid contact with or
inhalation of the spray mist. Follow all precautionary statements on the accompanying
pesticide(s) label(s).

FIRST AID

GENERAL RECOMMENDATIONS

The addition of a spray adjuvant to some pesticide or pesticide tank mix combinations
may cause phytotoxicity to the foliage and/or fruit of susceptible crops or plants.
Consequently, prior to the use of DYNE-AMIC® in a spray tank mix or prior fo the
application of a tank mix with a product where a nonionic spray adjuvant is not
specifically recommended but not prohibited by the products label, the user or
application advisor must have experience with the combination under similar
environmental and cultural conditions, or have conducted a phytotoxicity test under
these same conditions.
USE: May be applied by Ground, Aerial, CDA or aquatic spray equipment.
Ground, Aquatic: Use 3 - 5 pints per 100 gallons of spray solution.
Aerial, CDA: Use 3~ 5. Oz.in 1-5 gallons of spray solution,
Use3oz.in 1-3 gal. and 5 oz. above 3 gal.
NOTE: Some pesticide labels may recommend higher or lower rates of spray
adjuvant. When this occurs follow the pesticide label's recommendation.

IF SWALLOWED:

=  Calla poison control center or doctor immediately for freatment advice.

¢  Have a person sip a glass of waler if able to swallow.

* Do notinduce vomiting unless lold to do so by a poison control center or doctor.
* Do notgive anything by mouth to an unconscious or convulsing person.

IF IN EYES:
«  Hold eye open and rinse slowly and gently with water for 15-20 minutes.
= Remove contact lenses, if present, after the first 5 minutes, then continue rinsing

eye.
e Call a poison control center or doctor for treatment advice.
IF ON SKIN OR CLOTHING:

s Take off contaminated clothing.
e Rinse skin immediately with plenty of water for 15-20 minutes.
»  (Call a poison control center or doctor for further treatment advice.

IF INHALED:

*  Move person to fresh air,

«  |[fperson is not breathing, call 911 or an ambulance, then give artificial
respiration, preferably mouth-to-mouth if possible.

»  Calla poison control center or doctor for treatment advice.

MIXING

1. Prior to any pesticide application all spray mixing and application
equipment must be clean. Carefully observe all cleaning directions on the pesticide
label. To prevent or minimize foaming, fill tank to 2/3 to 3/4 full of water and add an
anti-foaming agent such as FOAM BUSTER™ o the spray lank before pesticides,
nutrients or DYNE-AMIC® are added.

2. Add pesticides and/or fertilizers as directed by label or in the following
sequence:
A Micronutrients and fertilizers
B. Dry flowables and dispersible granules
C. Flowables
D. Water soluble pesticides
E. Emulsifiable concentrates
3 Continue agitation.
4, Add DYNE-AMIC® and mix for 1 to 2 minutes with lower than normal
agitation.
5. Continue filling tank maintaining minimal agitation.
6 For optimum results, spray mixes containing DYNE-AMIC® should be

applied within 36 hours after mixing.

HOT LINE NUMBER

Have the product container or label with you when calling a poison control center or
doctor, or going for treatment. You may also contact 1-800-424-9300 for emergency
medical treatment information.

CONDITIONS OF SALE-LIMITED WARRANTY
AND LIMITATIONS OF LIABILITY AND REMEDIES

If there is accidental exposure to the spray solution containing pesticides, follow the
“Statement of Practical Treatment/First Aid” on the pesticide label.

ENVIRONMENTAL HAZARDS

Do nat contaminate water sources by cleaning of equipment or disposal of
washwaters.

GENERAL INFORMATION

DYNE-AMIC® is a proprietary blend of highly effective nonionic organosilicone
surfactants and a refined and modified spray oil. It is designed for use with those
pesticides or products whose labels recommend the addition of a spray adjuvant to
improve coverage.

The addition of DYNE-AMIC® to a spray tank solution will improve a spray application
by physically modifying the deposition and wetting characteristics of the spray solution,

Disclaimer: Always refer to the label on the product before using Helena or any other product.

Read the Conditions of Sale - Warranty and Limitations of Liability and
Remedies before using this product. If the terms are not acceptable, return the
product, unopened, and the full purchase price will be refunded.

The directions on this labe! are believed to be reliable and should be followed
carefully. Insufficient control of pests and/or injury to the crop to which the product is
applied may result from the occurrence of extraordinary or unusual weather conditions
or the failure to follow the label directions or good application practices, all of which are
beyond the control of Helena Chemical Company (the "Company”) or seller. In
addition, failure to follow label directions may cause injury to crops, animals, man or
the environment. The Company warrants that this product conforms to the chemical
description on the label and is reasonably fit for the purpose referred to in the
directions for use subject to the factors noted above which are beyond the control of
the Company. The Company makes no other warranties or representations of any
kind, express or implied, conceming the product, including no implied warranty of
merchantability or fitness for any particular purpose, and no such warranty shall be
implied by law.
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SPECIMEN LABEL

The exclusive remedy against the Company for any cause of aclion relating to the
handling or use of this product shall be limited to, at Helena Chemical Company's
election, one of the following:

1. Refund of the purchase price paid by buyer or user for product bought, or
2. Replacement of the product used

To the extent allowed by law, the Company shall not be liable and any and all claims
against the Company are waived for special, indirect, incidental, or consequential
damages or expense of any nature, including, but nol limited to, loss of profits or
income. The Company and the seller offer this product and the buyer and user accept
it, subject to the foregoing conditions of sale and limitation of wamranty, liability and
remedies.

@ Copyright Helena Holding Company, 2005.

DYNE-AMIC® is a registered trademark of Helena Holding Company.

FOAM BUSTER™ is a trademark of Helena Holding Company.

Disclaimer: Always refer to the label on the product before using Helena or any other product.
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MATERIAL SAFETY DATA SHEET

UPDATES AVAILABLE AT WWW.GREENBOOK.NET 1

DYNE-AMIC '

MANUFACTURER

HELENA CHEMICAL COMPANY
6075 POPLAR, SUITE 500
MEMPHIS, TN 38119

PHONE: 901-761-0050

OR CHEMTREC: 1-800-424-9300
EFFECTIVE: 01/23/96

I. IDENTIFICATION

Chemical Name: MNonionic organosilicone surfactant.
Chemical Family: Surfactants.

Formula: Not applicable, formulated mixture.
Synonyms: None.

CAS Number: Trade secret.

EPA Registry No.: None required.

IIl. PHYSICAL DATA |

Boiling Point: >300 degrees F
Freezing Point: <20 degrees F

Specific Gravity: 0.910 gms/cc

Vapor Pressure: Mot established.

Vapor Density: Nil.

Solubility in Water: 100% @ 25 degrees C

Per Cent Volatiles: <.5%

Evaporation Rate: Not applicable.

Melting Point: Not applicable.

Appearance & Odor: Light amber liquid, with mild
odor.

Ill. INGREDIENTS

TV
MATERIAL % (UNITS) HAZARD
Proprietary blend of 100.00 15 May
polyalkyleneoxide mg/m3 cause
medified skin
polydimethylsiloxane, & eye
nonionic emulsifiers. irritation.

and methylaled
vegetable oils

IV. FIRE AND EXPLOSION HAZARD DATA

Flash Point: >250 degrees F (TCC)

Autoignition Temperature: =750 degrees F
Flammable Limits: Not established.

Extinguishing Media: Alcohol foam, dry chemical and
carbon dioxide. Water may be ineffective.

Special Fire Fighting Procedures: Use positive pres- |
sure self-contained breathing apparatus and full fire
fighting clothing. Stay upwind and fight fire at a safe
distance.

Unusual Fire and Explosion Hazards: Water may
be ineffective but should be used to keep fire-exposed
containers cool.

V. HEALTH HAZARD

Carcinogenicity Information: None currently known.
Acute Effects of Overexposure

Swallowing: The acute oral LDs, (rats) = greater than
5050 mg/kg. EPA Category IV.

Skin Absorption: The acute dermal LDsg (rabbits) =
greater than 2020 mg/kg. EPA Category IIl.
Inhalation: There is no LCsq for this material since no
fatalities occurred at the highest atmospheric concen-
tration achievable in this study.

Skin Contact: May cause slight skin irritation with
prolonged or repeated contact. EPA Category IV.
Eye Contact: May cause slight eye irritation with direct
contact. EPA Category IV.

Chronic Effects: None currently known.

Other Health Hazards: None currently known.
Emergency and First Aid Procedures

Swallowing: Do not induce vomiting. Obtain medical
attention immediately.

Skin: Remove contaminated clothing and wash skin
with scap and water. Call a doctor if irritation develops.
Inhalation: Move to fresh air and call a doctor if irri-
tation develops or persists. |
Eyes: Flush eyes with water for 15 minutes, holding |
eyelids open. Immediately call a doctor.

Notes to Physician: In the event of an adverse re-
sponse, treatment should be directed toward control
of the symptoms.

VI. REACTIVITY DATA
Stability: Stable

Conditions to Avoid: Avoid contact with strong oxi-

dizing agents.

Polymerization: Will not occur.

Conditions to Avoid: None currently known.
Incompatibility Materials: Avoid contact with strong
oxidizing agents.

Hazardous Combustion: May produce carbon diox-
ide and carbon monoxide under fire conditions.

VIl. SPILL OR LEAK PROCEDURES

Steps to be Taken if Material is Released or Spilled:
Dike and absorb spill with an absorbent such as clay,
sand, or sawdust. Transfer to suitable containers for
proper disposal. Flush spill area with water, absorb
and place in same containers with other material.
Waste Disposal Method: This material must be dis-
posed of according to Federal, state, or local proce-
dures under the Resource Conservation and Recovery
Act.

Vill. SPECIAL PROTECTION INFORMATION

Respiration: Use NIOSH/OSHA-approved respirator
with organic vapor cartridge if vapor/mist is present.
Ventilation: Mechanical

Gloves: Impervious

Eyes: Splash proof goggles.

Others: Eye wash station, impervious apron and
footwear.

IX. SPECIAL PRECAUTIONS

Precautions to be Taken in Handling and Storing:
Keep out of reach of children. Do not store with food,
feed, or other material to be used or consumed by hu-
mans or animals. Do not contaminate water supplies,
lakes, streams, or ponds.

Other Precautions:

A) RCRA Hazardous Waste Number: Not listed

B) SARA Title lll, Section 313: Mot listed

C) SARA Threshold Planning Quantity: Mot listed

| D) CERCLA Reportable Quantity: Not listed

E) 49 CFR 172.101, Appendix A: Not listed.
F) 49 CFR 172.101, Appendix B: Not listed

X. SHIPPING INFORMATION

D.O.T. Data— Proper Shipping Name: Not regulated
by DOT, IATA (Air), or IMDG (Water).

Hazard Class: None.

Identification No.: None.

Labels Required: None required.

Placarding: None required.

Freight Classification: Adjuvant, Spreader or Sticker,
Liquid, NOIBN

CHEMICAL NAME EQUIVALENT
R.Q.
Not applicable Not applicable

XI. GENERAL PRODUCT INFORMATION

National Fire Protection Association Rating:

(Rating Level: 4-Extreme 3-High 2-Moderate 1-Slight
0-Minimum)

Health: 1 Fire: 1 Reactivity: 0

S.A.R.A. Title lll Hazard Classification: (Yes/No)
Immediate (Acute) Health: Y

Delayed (Chronic) Health: N

Sudden Release of Pressure: N

Fire: N

Reactive: N

Helena Chemical believes that the data contained
herein is factual. This data is not to be taken as a
warranty or representation of legal responsibility. It is
offered solely for your consideration, investigation &
verification.

Database and format copyright © by C&P Press. All rights reserved.

Powered by C&P Press.
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SPECIMEN LABLL

UPDATES AVAILABLE AT WWW.GREENBOORXNET 1

Helena

Kinetic®

MOLECULAR ZIPPERING ACTION™ BRAND

A NONIONIC WETTER/SPREADER/PENETRANT ADJUVANT

ACTIVE INGREDIENTS: (BY WEIGHT)
*Proprietary blend of polyalkyleneoxide modified

polydimethylsiloxane and nonionic surfactants .. . ............... 99.00%
CONSTITUENTS INEFFECTIVE AS SPRAY ADJUVANT.......... 1.00%
TOTAL .. 100.00%

All ingredients are exempt from the requirements of a tolerance as specified in
CFR 40. 180.1001(c).

* This product contains organosilicone surfactant.

CASN 1001H/O704

CAL REG. NO. 5905-50087-AA

PATENT NO. 5.104.647

MANUFACTURED FOR

HELENA CHEMICAL COMPANY

225 SCHILLING BOULEVARD, SUITE 300
COLLIERVILLE. TN 38017

KEEP OUT OF REACH OF CHILDREN
CAUTION

See Inside Booklet for Additional Precautionary Statements

PRECAUTIONARY STATEMENT

BEFORE USING THIS PRODUCT, READ ALL PRECAUTIONS, DIREC-
TIONS FOR USE, CONDITIONS OF SALE—LIMITED WARRANTY AND
LIMITATIONS OF LIABILITY AND REMEDIES.

HAZARDS TO HUMANS AND DOMESTIC ANIMALS

CAUTION

Harmmful if swallowed. inhaled or absorbed through the skin. Causes moderate
eye irritation. Avoid contact with skin. eyes. clothing. or breathing spray mist,
Remove contaminated clothing and wash clothing before reuse. Wash thoroughly
with soap and water after handling. In addition. follow precautionary statements
on the accompanying pesticide labelis).

FIRST AID

IF INHALED:

» Move person to fresh air.

® If person is not breathing. call 911 or an ambulance. then give anificial respiration,
preferably mouth-to-mouth if possible.

* Call a poison control center or doctor for further treatment advice.

IF SWALLOWED:

* Call a poison conmol center or doctor immediately for reatment advice.

* Have person sip a glass of warter if able 10 swallow.

# Do not induce vomiting unless told 1o do so by a poison control center or doctor.

* Do not give anything by mouth to an unconscious person.

IF IN EYES:

o Hold eye open and rinse slowly and gently with water for 15-20 minutes,

* Remove contact lenses. if present, after the first 5 minutes, then continue rinsing eye.

o Call a poison control center or doctor for reaunent advice.

IF ON SKIN OR CLOTHING:

® Take off contaminated clothing.

® Rinse skin immediately with plenty of water for 15-20 minutes

o (all a poison control center or doctor for treatment advice.

If contact is made with the spray solution containing pesticides. follow the ** Statement
of Practical TreatmenuFirst Aid™ on the pesticide label.
PERSONAL PROTECTIVE EQUIPMENT
Some materials that are chemical resistant to this product are listed below,
Applicators and other handlers must wear:
Long sleeved shirt and long pants
Chemical-resistant gloves, such as barrier laminate. butyl rubber. nitrile
rubber or viton
Shoes plus socks
Follow manufacturer’s instructions for cleaning/maintaining PPE. If no such in-
structions for washables, use detergent and hot water. Keep and wash PPE
separately from other laundry.

STORAGE AND DISPOSAL

Do not contaminate water. food or feed by storage and disposal. Store in original
container only. Keep container tightly closed. do not allow water to be introduced
into the contents of this container. Do not store near heat or open flame.
PESTICIDE DISPOSAL: Wastes resulting from the use of this product may
be disposed of on site or at an approved waste disposal facility.

CONTAINER DISPOSAL: Triple rinse (or equivalent). Then offer for recycling
or reconditioning. or puncture and dispose of in a sanitary landfill. or incineration
or if allowed by state and local authorities. by burning. If burned. stay out of
smoke. For help in chemical emergencies involving spill, leak. fire. or exposure
call 1ol free 1-800-424-9300.

GENERAL INFORMATION

KINETIC® is a unique and superior nonionic wetting agent especially effective
in postemergent, non-selective herbicide sprays. KINETIC® allows for the rapid
spreading and absorption of herbicide sprays into the plant leaves and stems
and is especially effective with water based herbicide formulations. Subject to
the cautionary use statements set forth in the Directions for Use. KINETIC?
may be used with other pesticide and/or fertilizer products. Optimum application
and consequent effects can be influenced by many factors. Consequently. it is
recommended that careful observation of the spray deposit be made and adjuvant
rates be adjusted accordingly. Applications should be made to insure thorough
coverage without excessive runoff of the application spray.

DIRECTIONS FOR USE

WITH PRODUCTS REGISTERED FOR: AGRICULTURAL, AQUATIC,
FORESTRY, INDUSTRIAL, NON-CROPLAND, ORNAMENTAL,
RIGHTS-OF-WAY, TURF, MUNICIPAL, OTHER USES AND DEEP
FEEDING TREES WITH PESTICIDES/FERTILIZERS AND MICRONU-
TRIENTS.

Ground, CDA: For optimum results use 12 ounces to 64 ounces per 100 gallons
of spray.

Aerial: Use 32 ounces to 64 ounces per 100 gallons of spray.

Aquatic: Use 8 ounces to 32 ounces per 100 gallons of spray.

General Wetter/Spreader: Use 6 ounces to 12 ounces per 100 gallons of spray.

KINETIC® is also recommended for use with non-selective herbicides and other
pesticides including those used to desiceate or defoliate. NOTE: Do not use
KINETIC® in spray tank mixes with Gibberellin or Gibberellic acid products to
be used on any citrus crop (citrus spp.) grown for fresh market.
The crop and rate guidelines are for use with pesticides whose labels recommend
the use of a nonionic surfactant. Some pesticides. however. may require higher
or lower surfactant rates for optimum effect. Follow the pesticide label directions
when this occurs. Prior to the addition of KINETIC® 1o spray tank mixes or
use with a pesticide or fertilizer where a nonionic adjuvant is not specifically
recommended but not prohibited by the manufacturer. the user or application
advisor must have experience with the combination or must have conducted a
phytotoxicity trial.
For improved water penetration of hard to wet soils and the uniform distribution
of applied moisture:
Lawns and Turf: Use KINETIC® a1 0.05%-0.125% v/v concentration.
Greens and Tees: Use KINETIC? at 0.05%-0.125% v/v concentration.
Deep Feeding Trees: Use KINETIC® at 0.10%-0.20% v/v concentration.
Applications of KINETIC® through irrigation injection systems are possible pro-
vided that recommended use rates and dilutions are maintained and local. state.
and federal guidelines are followed. Prior to the addition of KINETIC® 1o spray
tank mixes or use with a pesticide or fertilizer where a nonionic adjuvant is
not specifically recommended but not prohibited by the manufacturer, the user
or application advisor must have experience with the combination or must have
conducted a phytotoxicity trial.
MIXING
1. Prior to any pesticide application all spray mixing and applicalion equipment
must be clean. Carefully observe all cleaning directions on the pesticide label.
To prevent or minimize foaming fill tank to ¥ to ¥, full of water. If foaming is
anticipated the addition of an antifoaming agent, such as FOAMBUSTER™,
should be added before pesticides. nutrients. or KINETIC® is added.
2. Add pesticides and/or fertilizers as directed by label or in the following se-
quence:
a. Micronutrients and fertilizers
b. Dry flowables and dispersible granules
¢. Flowables
d. Water soluble pesticides
e. Emulsifiable concentrates
. Continue agitation.
. Add KINETIC® and mix for | to 2 minutes with lower than normal agitation.
. Continue filling tank maintaining minimal agitation.
. For optimum results. spray mixes comaining KINETIC® should be applied
within 36 hours after mixing.

CONDITIONS OF SALE—LIMITED WARRANTY AND LIMITA-
TIONS OF LIABILITY AND REMEDIES

Read the Conditions of Sale—Warranty and Limitations of Liability and
Remedies before using this product. If the terms are not acceptable, return
the product, unopened, and the full purchase price will be refunded.

The directions on this label are believed to be reliable and should be followed
carefully. Insufficient control of pests and/or injury to the crop to which the
product is applied may result from the occurrence of extraordinary or unusual
weather conditions or the failure to follow the label directions or good application
practices, all of which are beyond the control of Helena Chemical Company (the
“Company ") or seller. In addition. failure 1o follow label dircctions may cause
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injury to crops. animals, man or the environment. The Company warrants that
this product conforms to the chemical description on the label and is reasonably
fit for the purpose referred to in the directions for use subject to the tactors noted
above which are beyond the control of the Company. The Company makes no
other warranties or representations of any kind. express or implied. conceming
the product. including no implied warranty of merchantability or fitness for any
particular purpose. and no such warranty shall be implicd by law.

The exclusive remedy against the Company for any cause of action relating to the
handling or use of this product shall be limited to, at Helena Chemical Company’s
election. one of the following:

1. Refund of the purchase price paid by buyer or user for product bought, or

2. Replacement of the product used

To the extent allowed by law. the Company shall not be liable and any and
all claims against the Company are waived for special. indirect. incidental. or
consequential damages or expense of any nature. including. but not limited to.
loss of profits or income. The Company and the seller offer this product and the
buyer and user accept it. subject to the foregoing conditions of sale and limitation
of warranty, liability and remedies.

Copyright © Helena Chemical Company. 2004

Kinetic® is a registered trademark of Helena Chemical Company.
Foambuster™ is a trademark of Helena Chemical Company,

Disclaimer: Always refer to the label on the product before using Helena or
any other product. VID 7.20.04
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KINETIC

Helena Chemical Company
PH: 1-901-761-0050
CHEMTREC: 1-800-424-9300
Effective Date: 01-23-00
Product: KINETIC

I. IDENTIFICATION

Chemical Name: MIXTURE OF SURFACTANTS
Chemical Family: NONIONIC SURFACTANTS
Formula: NOT APPLICABLE, FORMULATED MIX-
TURE

Synonyms: NONE

CAS Number: NOT APPLICABLE, FORMULATED
MIXTURE

EPA Number: NONE REQUIRED

Il PHYSICAL DATA

Boiling Point: =150 DEGREES C.
Freezing Point: <35 DEGREES F.
Spec Gravity: 1.030 GMS/CC
Vapor Pressure: <1 MM HG
Vapor Density: >1

Solubility: DISPERSIBLE
Volatiles: <0.1

Evaporation: <1

Meiting Point: NOT APPLICABLE |
Appearance: CLEAR, VISCOUS LIQUID, SURFAC- |
TANT ODOR.

Iil. INGREDIENTS

CAS

Numb Percent  TLY Hazard

Other Hazard: NONE CURRENTLY KNOWN.
EMERGENCY AND FIRST AID PROCEDURES
Swallowing: GIVE A LARGE AMOUNT OF WATER
TO DRINK. MAKE PERSON VOMIT AND IMMEDI-
ATELY CALL A PHYSICIAN. DO NOT INDUCE VOM-
ITING OR GIVE ANYTHING BY MOUTH TO AN UN-
CONSCICUS PERSON.

Skin: REMOVE CONTAMINATED CLOTHING AND
WASH SKIN WITH SOAP AND WATER. CALL A
PHYSICIAN IF IRRITATION DEVELOPS OR PER-
SISTS.

Inhalation: MOVE TO FRESH AIR, OBTAIN MEDI-
CAL ATTENTION IF BREATHING BECOMES DIFFI-
CULT. NO EMERGENCY CARE ANTICIPATED.

Chemical Name Equivalent R.Q.

NOT APPLICABLE NOT APPLICABLE
Xl. GENERAL PRODUCT INFORMATION

National Fire Protection Association Rating:
(Rating level: 4-Extreme, 3-High, 2-Moderate, 1-Slight,
0-Minimum)

Health: 2

Fire: 1

| Reactivity: 0

Eyes: IN CASE OF CONTACT WITH EYES, IMME- |

DIATELY FLUSH WITH WATER FOR 15 MINUTES.
OBTAIN MEDICAL ATTENTION IF IRRITATION PER-
SISTS.

Notes to Physician: THERE IS NO SPECIFIC ANTI-
DOTE FOR THIS PRODUCT. TREATMENT SHOULD

BE DIRECTED TOWARD CONTROL OF THE SYMP- |

TOMS AND THE CLINICAL CONDITION QF THE PA-
TIENT.

VI. REACTIVITY

Stability: Stable

Conditions to Avoid: NONE NOTED.
Polymerization: Will Not Occur

Conditions to Avoid: NONE NOTED.
Incompatibility material: NONE NOTED.
Hazardous Combustion: BURNING CAN PRODUCE
CARBON DIOXIDE, CARBON MONOXIDE, AND OX-
IDES OF SILICON.

| VII. SPILL OR LEAK PROCEDURES

PROPRIETARY
BLEND OF POLY-
ALKYLENEOXIDE
MODIFIED
POLYDIMETHYL-
SILOXANE

AND NONIONIC
SURFACTANT
NOTE: THIS
PRODUCT
CONTAINS
ORGANOSIL-
ICONE
SURFACTANTS

IV. FIRE AND EXPLOSION HAZARD

Flash Point: 240 DEGREES F. (PMCC)
Autoignition Temp: NOT DETERMINED
Flammable Limit: NOT DETERMINED
Extinguishing Media: USE ALCOHOL TYPE OR
UNIVERSAL TYPE FOAM FOR LARGE FIRES. USE
CARBON DIOXIDE OR DRY CHEMICAL FOR SMALL
FIRES.

Special Fire Fight Proc: USE SELF-CONTAINED
BREATHING APPARATUS AND AVOID BREATHING

15
MG/M3

100,00 MILD SKIN |
& EYE

IRRITANT

|
FUMES. AVOID SPRAYING A SOLID STREAM OF | Speci
| OF CHILDREN. DO NOT STORE WITH FOOD,

WATER OR FOAM DIRECTLY INTO A POOL OF
HOT, BURNING LIQUID. THIS MAY CAUSE FROTH-
ING.

Fire and Expl Hazard: NONE NOTED.

V. HEALTH HAZARD

Carcinogen
KNOWN.
ACUTE EFFECTS OF OVER EXPOSURE
Swallowing: SLIGHTLY TOXIC, ORAL LD50 (RAT)
3,343 MG/KG. INGESTION MAY CAUSE NAUSEA,
ABDOMINAL DISCOMFORT, VOMITING AND DIAR-
RHEA.

Skin Absorption: DERMAL LD50 (RABBIT) 2,020
MG/KG. NO TOXIC EFFECTS EXPECTED DUE
TO SKIN ABSORPTION BASED ON CURRENTLY
KNOWN INFORMATION.

Inhalation: THERE IS NO LC50 FOR THIS MA-
TERIAL SINCE NO FATALITIES OCCURRED AT
THE HIGHEST ATMOSPHERIC CONCENTRATION
ACHIEVABLE IN THIS STUDY.

Skin contact: MAY CAUSE A SLIGHT SKIN IRRITA-
TION AFTER REPEATED OR PROLONGED CON-
TACT WITH THIS MATERIAL.

Eye Contact: MAY CAUSE MILD EYE IRRITATION
AFTER DIRECT CONTACT WITH THIS MATERIAL.
Chronic Effects: ACTIVITY DECREASE, NASAL
DISCHARGE, POLYURIA, RESPIRATORY GURGLE
AND SALIVATION.

Information: NONE CURRENTLY

Database and format copyright © hy C&P Press. All

Spill or Leak Proc: AOPE OFF CONTAMINATED
AREA, COVER SPILL WITH AN ABSORBENT, SUCH
AS CLAY, SAND, OR SAWDUST. PLACE IN RE-
COVERY DRUMS FOR PROPER DISPOSAL. WEAR
SUITABLE PROTECTIVE EQUIPMENT.

S.A.R.A. Title ll Hazard Classification: (Yes/No}
Immediate (Acute) Health: Y

Delayed (Chronic) Health: N

Sudden Release of pressure: N

Fire: N

Reactive: N

Mail inquiries to: 225 Schilling Blvd., Suite 300 Col-
ligrville, TN 38017

Helena Chemical Company believes that the data con-
tained herein is factual. This data is not to be taken

' as a warranty or representation of legal responsibility.

Waste Disposal Method: THIS MATERIAL MUST |

BE DISPOSED OF ACCORDING TO FEDERAL,

STATE, OR LOCAL PROCEDURES UNDER THE RE- |

SOURCE CONSERVATION AND RECOVERY ACT.
Viil. SPECIAL PROTECTION INFORMATION

Respiration: NONE REQUIRED UNDER NORMAL
CONDITIONS.

Ventilation: GENERAL (MECHANICAL) ROOM VEN-
TILATION IS EXPECTED TO BE SATISFACTORY.
Gloves: IMPERVIOUS (PVC-COATED)

Eyes: MONOGOGGLES

Other: EMERGENCY SHOWER, EYE WASH STA-

TION, PROTECTIVE APRON AND FOOTWEAR.
IX. SPECIAL PRECAUTIONS
ial KEEP OUT OF REACH

precaution:

FEED, OR OTHER MATERIAL TO BE USED OR
CONSUMED BY HUMANS OR ANIMALS. DO
NOT CONTAMINATE WATER SUPPLIES, LAKES,
STREAMS, OR PONDS WITH RINSATE FROM CON-
TAINERS OR EQUIPMENT. DO NOT GET IN EYES.
AVOID CONTACT WITH SKIN AND CLOTHING.
AVOID BREATHING VAPORS. KEEP CONTAINER
CLOSED. USE WITH ADEQUATE VENTILATION.
WASH THOROUGHLY AFTER HANDLING.

Other precaution:

THIS PRODUCT DOES NOT CONTAIN ANY CHEM- |
ICAL SUBJECT TO THE REPORTING REQUIRE- |
MENTS OF SECTION 313 OF TITLE Il OF THE |

SUPERFUND AMENDMENTS AND REAUTHORIZA-
TION ACT OF 1986 AND 40 CFR PART 372.

ALL INGREDIENTS ARE EXEMPT FROM THE RE-
QUIREMENTS OF A TOLERANCE AS SPECIFIED IN
40 CFR 180.1001(C).

X. SHIPPING INFORMATION

Shipping name: NOT REGULATED BY DOT, IATA |

(AIR), OR IMDG (WATER).

Hazard Class: NONE

Identification No: NONE

Labels Required: NONE REQUIRED

Placarding: NONE REQUIRED

Freight Class: ADJUVANT, SPREADER OR
STICKER, LIQUID, NOIBN

rights reserved.

It is offered solely for your consideration, investigation
and verification. VID 8.4.03
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LIBERATE®

PENETRANT « DEPOSITION AID
DRIFT CONTROL AGENT

SHear-Guarp

TEBHNEBDG‘K

-

SOYOIL

DERIVATIVE

@ CONTAINS

Principal Functioning Agents:

Lecithin, methyl esters of fatty acids,

And alcohol ethoxylate.................ccoevrreeercreennnn.. 100%
TOTAL 100%
CA Reg No 34704-50030
WA Reg No 34704-04008

KEEP OUT OF REACH OF CHILDREN

CAUTION

CAUTION: Harmful if absorbed through skin. Avoid
contact with skin, eyes or clothing. Wear chemical
resistant gloves.

First Aid: If in Eyes: Flush with water for 15 minutes,
then get medical attention. If om Skin: Remove
contaminated clothing. Wash with soap and water. Get
medical attention if irritation develops. If Swallowed:
Call a physician immediately. Drink two (2) glasses of
water. Induce vomiting. If Inhaled: Remove victim to
fresh air; apply artificial respiration if necessary.

General: LIBERATE is a non-ionic, low foam
penetrating surfactant. LIBERATE may be used as a
surfactant to enhance the activity and effectiveness of
agricultural and industrial chemicals. LIBERATE
provides more uniform coverage of spray solutions and
aids in penetration. LIBERATE improves deposition and
retards drift by producing a more uniform spray pattern.
The degree of drift hazard varies with the type of
pesticide and application conditions. Common sense and
sound application technology must be followed when
spraying pesticides. LIBERATE will retard, but not
eliminate drift. LIBERATE is compatible with most
pesticide formulations including water-soluble, flowable
and wettable powders. For tank mix compatibility
concerns, conduct a jar test of the proposed mixture to
ensure compatibility of all components. Mix components
in the same ratio as the proposed tank mix. Application
may be by ground or air.

Directions for Use: LIBERATE may be used on and
has demonstrated excellent plant safety on a wide variety
of crops including fruits, tree fruits, vegetables, row
crops, citrus, small grains, forage crops, vine crops (do
not use on grape foliage) and others. LIBERATE may be
used in a variety of non-crop sites including Aquatic
(wetlands), Forestry (site preparation and release),
Industrial (storage areas, plant sites, and other similar

areas including governmental and private lands),
Grasslands (including pastures, rangeland and fence
rows), Rights-of-ways (utility, railroad and roadsides),
Turf (Golf Courses, parks, and Sod farms), Omamentals
(container, field or greenhouse) and other turf,
ornamental and landscaping sites. Some pesticides have
stated adjuvant use rates. In all cases, the pesticide
manufacturer’s label should be consulted regarding
specific adjuvant use recommendations and that rate
followed. Do not add adjuvant at a level that would
exceed 5% of the finished spray volume unless
otherwise specified by the pesticide label.

General Use:

Herbicides (Terrestrial or Aquatic), Defoliants,
Desiccants: 1 to 4 pints per 100 gallons of spray mixture
when used as a penetrant.

Insecticides, Fungicides, Acaracides, Plant Growth
Regulators, Foliar Nutrients: 2 to 2 pints per 100
gallons of spray mixture.

Drift Reduction: 1 to 2 quarts per 100 gallons of spray
mixture,

Non Crop Sites: 1 to 8 pints per 100 gallons (1 to 6
fluid ounces per 5 gallons) of spray mixture.

Turf and Ornamentals: 4 to 2 pints per 100 gallons
(12 to 1-1/2 fluid ounces per 5 gallons) of spray
mixture.

Note: This product has demonstrated excellent plant
safety; however, not all species and varieties of plants
have been tested. Before treating a large area, test on a
small area and observe prior to full-scale application. Do
not use on grape foliage.

Environmental Hazards: Do not contaminate water
when cleaning equipment or disposing of equipment
washwaters.

Storage: Store in a cool, dry place. Store in original
container. Keep tightly closed. Do not reuse empty
container. Product will become thicker at cold
temperatures but effectiveness of the product will not be
affected. Warm product before use.

Disposal: Do not contaminate water, food or feed by
storage or disposal. Wastes may be disposed of on-site
or at an approved waste disposal facility. Triple rinse (or
equivalent) adding rinse water to spray tank. Offer
container for recycling or dispose of container in
sanitary landfill, or by other procedures approved by
appropriate authorities. Recycling decontaminated
containers is the best option of container disposal. The
Agricultural Container Recycling Council (ACRC)

This specimen label is intended for use only as a guide in providing general information regarding the directions, warning and cautions associated with the use of this
product. As with any product, always follow the label instructions on the package before using.
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operates the national recycling program. To contact your
state and local ACRC recycler visit the ACRC web page
at www.acrecycle.org.

WARRANTY DISCLAIMER AND NOTICE

THE DIRECTIONS FOR USE OF THIS PRODUCT
ARE BELIEVED TO BE ADEQUATE AND SHOULD
BE FOLLOWED CAREFULLY. IT IS IMPOSSIBLE
TO ELIMINATE ALL RISKS INHERENTLY
ASSOCIATED WITH THE USE OF THIS PRODUCT.
CROP INJURY, INEFFECTIVENESS, OR OTHER
UNINTENDED CONSEQUENCES MAY RESULT
DUE TO SUCH FACTORS AS WEATHER
CONDITIONS, PRESENCE OR ABSENCE OF
OTHER MATERIALS, OR THE MANNER OF USE
OR APPLICATION, ALL OF WHICH ARE BEYOND
THE CONTROL OF LOVELAND PRODUCTS, INC,,
THE MANUFACTURER OR SELLER.

THE PRODUCTS SOLD TO YOU ARE FURNISHED
"AS IS" BY LOVELAND PRODUCTS, INC., THE
MANUFACTURER OR SELLER, AND ARE
SUBJECT ONLY TO THE MANUFACTURER'S
WARRANTIES, IF ANY, WHICH APPEAR ON THE
LABELS TO THE PRODUCTS SOLD TO YOU.
EXCEPT AS EXPRESSLY PROVIDED HEREIN,

LOVELAND PRODUCTS, INC., THE
MANUFACTURER OR SELLER MAKES NO
WARRANTIES, GUARANTEES, OR

REPRESENTATIONS OF ANY KIND TO BUYER OR
USER, EITHER EXPRESS OR IMPLIED, OR BY
USAGE OF TRADE, STATUTORY OR OTHERWISE,
WITH REGARD TO THE PRODUCT SOLD OR USE
OF THE PRODUCT, INCLUDING, BUT NOT
LIMITED TO, MERCHANTABILITY, FITNESS FOR
A PARTICULAR PURPOSE, USE OR ELIGIBILITY
OF THE PRODUCT FOR ANY PARTICULAR
TRADE USAGE. EXCEPT AS EXPRESSLY
STATED HEREIN, LOVELAND PRODUCTS, INC,,
THE MANUFACTURER OR SELLER MAKES NO
WARRANTY OF RESULTS TO BE OBTAINED BY
USE OF THE PRODUCT. BUYER'S OR USER'S
EXCLUSIVE REMEDY, AND LOVELAND
PRODUCTS, INC’S., THE MANUFACTURER'S OR
SELLER'S TOTAL LIABILITY, SHALL BE LIMITED
TO DAMAGES NOT EXCEEDING THE COST OF
THE PRODUCT. NO AGENT OR EMPLOYEE OF
LOVELAND PRODUCTS, INC. OR SELLER IS
AUTHORIZED TO AMEND THE TERMS OF THIS
WARRANTY DISCLAIMER OR THE PRODUCT'S
LABEL OR TO MAKE A REPRESENTATION OR
RECOMMENDATION DIFFERENT FROM OR
INCONSISTENT WITH THE LABEL OF THIS
PRODUCT.

IN NO EVENT SHALL LOVELAND PRODUCTS,
INC., THE MANUFACTURER OR SELLER BE
LIABLE FOR CONSEQUENTIAL, SPECIAL OR
INDIRECT DAMAGES RESULTING FROM THE
USE, HANDLING, APPLICATION, STORAGE OR
DISPOSAL OF THIS PRODUCT OR FOR DAMAGES
IN THE NATURE OF PENALTIES AND THE
BUYER AND USER WAIVE ANY RIGHT THEY
MAY HAVE TO SUCH DAMAGES.

/‘\
Lo"vq_l_and

PRODUCTS INC
Loveland Products, Inc.
PO Box 1286 - Greeley, CO 80632-1286
(970) 356-4400

This specimen label is intended for use only as a guide in providing general information regarding the directions, warning and cautions associated with the use of this
product. As with any product, always follow the label instructions on the package before using.
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MATERIAL SAFETY DATA SHEET LIBERATE®

FOR CHEMICAL EMERGENCY, SPILL, LEAK, FIRE, EXPOSURE OR ACCIDENT, CALL CHEMTREC - DAY OR NIGHT 1-800-424-9300
1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

FORMULATED FOR:
Loveland Products, Inc. 24-Hour Emergency Phone: 1-800-424-9300
P.O. Box 1286 - Greeley, CO 80632-1286 Medical Emergencies: 1-800-301-7976
U.S. Coast Guard National Response Center: 1-800-424-8802
PRODUCT NAME: LIBERATE®

CHEMICAL NAME: Lecithin, methyl esters of fatty acids, and alcohol ethoxylate
CHEMICAL FAMILY:  Surfactant Mixture

CALIF. REG. NO.: 34704-50030
WASH. REG. NO.: 34704-04008
MSDS Number: LIB-04-LPI MSDS Revisions: New Date Of Issue: 05/04/04 Supersedes: New

2. HAZARDS IDENTIFICATION SUMMARY

KEEP OUT OF REACH OF CHILDREN — CAUTION — Harmful if absorbed through skin. Avoid contact with skin, eyes or clothing. Wear chemical-resistant
gloves,

This product is brown liquid with a bland odor.

3. COMPOSITION, INFORMATION ON INGREDIENTS

Chemical Ingredients: Percentage by Weight: CAS No. TLV (Units)
Lecithin, methyl esters of fatty acids, and 100.00 Mixture none established
Alcohal ethoxylate 34398-01-1 none established

4. FIRST AID MEASURES

If in Eyes: Flush with water for 15 minutes, then get medical attention.

If on Skin: Remove contaminated clothing. Wash with soap and water. Get medical attention if irritation develops.
If Swallowed: Call a physician immediately. Drink two (2) glasses of water. Induce vomiting.

If Inhaled: Remove victim to fresh air; apply artificial respiration if necessary.

5. FIRE FIGHTING MEASURES

FLASH POINT (°F/Test Method): >212°F 1 >100°C (TCC)

FLAMMABLE LIMITS (LFL & UFL): Not established

EXTINGUISHING MEDIA: Carbon dioxide (CO;), dry chemical or water spray.
HAZARDOUS COMBUSTION PRODUCTS: None known.

SPECIAL FIRE FIGHTING PROCEDURES: Wear self-contained breathing apparatus and full protective gear.

UNUSUAL FIRE AND EXPLOSION HAZARDS: Dike area to contain run-off and prevent contamination of water supplies.
6. ACCIDENTAL RELEASE MEASURES

STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED:
Wear appropriate personal protective equipment (refer to Section 8) when responding to spills. Shut off source of leak if safe to do so. Dike and contain
spill. Soak up residue with absorbent such as clay, sand or other suitable material and dispose of properly. Flush area with water to remove trace
residue. Contain runoff from residue flush and dispose of properly. Place in container for proper disposal. Check local, state and federal regulations for
proper disposal.

CAUTION: Keep spills and cleaning runoff out of municipal sewers and open bodies of water.

7. HANDLING AND STORAGE

HANDLING: Wear impervious gloves when handling. . Wash hands before eating, drinking, chewing gum, using tobacco or using the
toilet. Use with adequate ventilation.
STORAGE: Store in a cool, dry place. Store in original container. Keep tightly closed. Do not reuse empty container. Product will become

thicker at cold temperatures. Warm product before use. Keep out of reach of children. Do not contaminate water, food or
feed by storage or disposal.

8. EXPOSURE CONTROLS / PERSONAL PROTECTION

ENGINEERING CONTROLS: Work in well-ventilated area. Local ventilation may be required if working in confined spaces.
RESPIRATORY PROTECTION: Wear a NIOSH approved respirator for pesticides if necessary.
EYE PROTECTION: Chemical goggles or shielded safety glasses.
SKIN PROTECTION: Wear long sleeved shirt, long pants, and shoes with socks. Wear impervious rubber or chemical-resistant gloves.
OSHA PEL 8 hr TWA ACGIH TLV-TWA
For product not established not established
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PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE AND ODOR: Brown liquid with mild odor SOLUBILITY: Emulsifies
SPECIFIC GRAVITY (Water 1): 0.976 g/ml BULK DENSITY: 8.14 Ibs/gal. pH: 6.8 (1% solution)
VAPOR PRESSURE: Not established BOILING POINT: Not established

PERCENT VOLATILE (by volume): Not established EVAPORATION RATE: Not established

Note: These physical data are typical values based on material tested but may vary from sample to sample.

Typical values should not be construed as a guaranteed analysis of any specific ot or as specification items.
1 . STABILITY AND REACTIVITY

STABILITY: Stable CONDITIONS TO AVOID: None known.
INCOMPATIBILITY: None known.

HAZARDOUS DECOMPOSITION PRODUCTS: Carbon monoxide from buming.
HAZARDOUS POLYMERIZATION: Will not occur.

11. TOXICOLOGICAL INFORMATION

Acute Oral LD;s (rat): >5000 mg/kg Acute Dermal LDs (rat): >2000 mg/kg
Eye Irritation (rabbit): Not an imritant Skin Irritation (rabbit): Moderate irritant
Inhalation LCs (rat): Not established Skin Sensiti ation (guinea pig): Not a sensitizer

Carcinogenic Potential: None listed by OSHA, NTP, IARC, and ACGIH as a carcinogen
12. ECOLOGICAL INFORMATION

A uatic Acute To icity
Rainbow Trout- 96 HR LCsq: 17.6 mg/L NOEC: 12.5 mg/L
Daphnia Magna - 48 HR ECs;: 9.3 mg/L NOEC: 7.5 mg/L

Do not contaminate water when cleaning equipment or disposing of equipment wash waters.
13. DISPOSAL CONSIDERATIONS

Do not reuse product containers. Triple rinse (or equivalent), adding rinse water to spray tank, then offer for recycling at an ACRC site (go to
http://www.acrecycle.org/ for locations) or by reconditioning, or puncture and dispose of in a sanitary landfill or by other procedures approved by state
and local authorities. Wastes resuiting from the use of this product may be disposed of on site or at an approved waste disposal facility. Do not
contaminate water, food or feed by storage or disposal.

14. TRANSPORT INFORMATION

DOT Shipping Description: NOT REGULATED BY USDOT.
Freight Classification: ADHESIVES, ADJUVANTS, SPREADERS OR STICKERS (NMFC 4610; CLASS: 60)
Consult appropriate ICAO/IATA and IMDG regulations for shipment re uirements in the Air and Maritime shipping modes.

15. REGULATORY INFORMATION

NFPA & HMIS Ha ard Ratings: NFPA HMIS
1 Health 0 Least 1 Health
0 Flammability 1 Slight 0 Flammability
0 Instability 2 Moderate 0 Reactivity
3 High H PPE
4 Severe
SARA Ha ard Notification/Reporting
SARA Title lll Ha ard Category: Immediate Y Fire N Sudden Release of Pressure N
Delayed N Reactive N

Reportable uantity (R ) under U.S. CERCLA: Not listed
SARA, Title lll, Section 313: Not listed

RCRA Waste Code: Not listed

CA Proposition 65: Not listed
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@Liberate is a registered trademark of Loveland Industries, Inc.

Although the information and recommendations set forth herein (hereinafter *Information”) are presented in good faith and believed to be correct, Loveland
Products, Inc., the manufacturer or the seller makes no representations as to the completeness or accuracy thereof. Information is supplied upon the
condition that the persons receiving it will make their own determination as to its suitability for their purposes prior to use.

The product covered by this information sheet is fumished “as is” by Loveland Products, Inc., the manufacturer or the seller, and is subject only to the
warranties, if any, that appear on the product’s label or are otherwise expressly provided herein.

Except as expressly provided on the product's label or otherwise provided herein, no warranties, guarantees, or representations of any kind, either express
or implied, or by usage of trade, statutory or otherwise, are made by Loveland Products, Inc., the manufacturer or the seller with regard to the product or
use of the product, including, but not limited to, merchantability, fitness for a particular purpose, use or eligibility of the product for any particular trade
usage.

Except as expressly stated herein, Loveland Products, Inc., the manufacturer or the seller makes no warranty of results o be obtained by use of the
product covered by this information. Buyer's or user's exclusive remedy, and the total liability of Loveland Products, Inc., the manufacturer or the seller,
shall be limited to damages not exceeding the cost of the product. No agent or employee of Loveland Products, Inc., the manufacturer or the seller is
authorized to amend the terms of this wamanty disclaimer or the product's label or to make a representation or recommendation different from or
inconsistent with the label of this product.

IN NO EVENT SHALL LOVELAND PRODUCTS, INC., THE MANUFACTURER OR THE SELLER BE LIABLE FOR CONSEQUENTIAL, SPECIAL OR
INDIRECT DAMAGES RESULTING FROM THE USE, HANDLING, APPLICATION, STORAGE OR DISPOSAL OF THIS PRODUCT OR FOR
DAMAGES IN THE NATURE OF PENALTIES AND THE BUYER AND USER WAIVE ANY RIGHT THEY MAY HAVE TO SUCH DAMAGES.
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m?3 cubic meter

MATC maximum allowable toxicant concentration
MBTA Migratory Bird Treaty Act

mg milligram

mg/kg milligram per kilogram

mg/L milligram per liter

mg/m3 milligram per cubic meter

mmHg millimeter mercury

MMRP Mitigation Monitoring and Reporting Program
MSDS material safety data sheet

MSO methylated seed oil
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NNG 2,4-nitrosoglyphosate

NOEC no-observed-effect concentration
NOEL no-observed-effect level

NOS not otherwise specified

ppm parts per million

RfD reference dose
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SBS silicone-based surfactant
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T&E threatened and endangered

tys half-life

USDA U.S. Department of Agriculture

U.S. EPA U.S. Environmental Protection Agency
USFWS U.S. Fish and Wildlife Service

VOC vegetable oil concentrate
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EXECUTIVE SUMMARY

Under the direction of the California State Coastal Conservancy’s (“Conservancy”) San
Francisco Estuary Invasive Spartina Project (“ISP”), Leson & Associates has prepared this
analysis of potential impacts to water quality, biological resources and human health and safety
from the use of an imazapyr herbicide for treatment of non-native, invasive salt marsh
cordgrasses (genus Spartina) in the San Francisco Estuary (“Estuary”).

Several non-native Spartina species were introduced into the Estuary in recent decades
and soon began to spread rapidly. This invasion of non-native Spartina species and their
hybrids, if left uncontrolled, threatens to displace the native Spartina species and cause
fundamental changes in the structure, function, and value of the Estuary’s tidal lands, and
imperil its ecological balance. In 2003, the Conservancy, as the lead agency under the California
Environmental Quality Act (“CEQA”), certified the Programmatic Environmental Impact
Statement/ Environmental Impact Report (“EIS/EIR”) for ISP’s Spartina Control Program,
which aims to eradicate non-native, invasive salt marsh Spartina in the Estuary. This program
implements a number of treatment techniques, including the application of herbicides.
Glyphosate, the herbicide evaluated and approved for use in the Programmatic EIS/EIR, has a
number of shortcomings in an estuarine environment. It requires higher application rates than
an alternative herbicide, imazapyr, which was recently submitted for registration in California
under the brand name Habitat®. Because the use of imazapyr is not specifically addressed and
evaluated in the Programmatic EIS/EIR, the Conservancy intends to amend its CEQA analysis
of potential environmental impacts to include the use of imazapyr. The Conservancy does not
intend to use imazapyr as a replacement of glyphosate but rather as an additional tool to be
used by itself or in combination with glyphosate where appropriate. This report evaluates this
planned application by analyzing the potential impacts to water quality of the Estuary and
potential ecological and human health risks, in support of the Conservancy’s planned CEQA
amendment. In addition, this report discusses changes in environmental effects compared to the
use of glyphosate as discussed in the Programmatic EIS/EIR, identifies approaches to minimize
potential increased risks from the use of imazapyr, and discusses the implications of these
findings for purposes of CEQA.

Environmental Fate of Imazapyr in Estuarine Environment and Impacts on Water Quality

In water, imazapyr rapidly degrades via photolysis. A number of field studies
demonstrated that imazapyr rapidly dissipated from water within several days and no
detectable residues of imazapyr were found in either water or sediment within two months. In
estuarine systems, dilution of imazapyr with the incoming tides contributes to its rapid
dissipation. This suggests that imazapyr is not environmentally persistent in the estuarine
environment and does not result in material impacts to water quality.
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Ecological Health Risks of Imazapyr Applications

The evaluation presented in this report regarding the potential ecological risks is mainly
based on two recent risk assessments: one for imazapyr application for control of non-native,
invasive Spartina in estuarine habitats in Washington State, and another for forestry application.
This report updates and adapts these prior risk assessments for conditions and planned
application rates in the Estuary. Risks to wildlife and non-target vegetation are assessed based
on more conservative exposure assumptions. In addition, this report evaluates risks based on
lower screening levels, including those set forth by the U.S. Environmental Protection Agency
for endangered species.

The maximum proposed application rate of imazapyr for control of Spartina in the
Estuary does not result in aquatic concentrations or terrestrial doses that exceeded screening
levels for toxicity to aquatic or terrestrial mammals, birds, invertebrates, or benthos, even under
the extremely conservative assumptions and risk scenarios evaluated. A spill scenario is
considered highly unlikely because of the best management practices set forth in the Spartina
Control Program’s Mitigation Monitoring and Reporting Program (“MMRP”). Further, the
disturbance created by cleanup efforts would discourage wildlife use of the area. The more
stringent screening levels for acute toxicity to endangered fish species are marginally exceeded
by the highest measured and modeled imazapyr concentrations in the leading edge of an
incoming tide. The conditions and assumptions for these concentrations are extremely
conservative and would only be present momentarily and in a small volume of water. The
concurrent presence of an endangered fish species is considered highly unlikely and potential
impacts are therefore considered insignificant.

Because imazapyr is a highly effective herbicide, non-target plants that are inadvertently
directly sprayed are likely to be severely damaged. This risk is particularly acute for vascular
plants. Longer-term, enduring adverse effects to non-target vegetation are not expected due to
imazapyr’s rapid degradation and dissipation.

Human Health and Safety

The evaluation in this report of human health risks is based on a recent risk assessment
for the application of imazapyr in forestry applications, which evaluated worst-case scenarios
for both workers and members of the general public, e.g., recreational users or residents.

Based on this assessment, typical exposures to imazapyr do not lead to doses that exceed
screening levels for either workers or members of the general public. Workers and members of
the general public are not expected to experience substantial risk from acute or longer-term
exposure to imazapyr. Effects from accidental exposure will be minimized or avoided by
compliance with the MMRP.
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Relative Ecological and Human Health Effects of Imazapyr versus Glyphosate and Associated Adjuvants

Imazapyr has been demonstrated to be less toxic to aquatic organisms than glyphosate.
Combined with the lower application rate for imazapyr, this results in a considerably lower risk
to aquatic organisms. The aquatic formulations of both herbicides must be mixed with
surfactants for use on post-emergent vegetation such as Spartina. The inherent risks of using
either herbicide have been shown to increase significantly when mixed with surfactants.
However, risks associated with glyphosate/surfactant mixtures are greater than those for
imazapyr/surfactant mixtures.

Unlike imazapyr, glyphosate is not photolyzed in water and is readily adsorbed to
suspended particles and sediment. Its fate in an estuarine environment is primarily determined
by its strong adsorption to sediment particles and the rate of microbial degradation. Residual
biomass of treated Spartina could also slowly release glyphosate into the environment.
Therefore, glyphosate is predicted to be more persistent than imazapyr in an estuarine
environment.

Compared to glyphosate, adverse effects of imazapyr to directly-sprayed non-target
vegetation would tend to be higher due to it’s higher efficacy. These risks are particularly
pronounced for vascular plants. However, this tendency is probably more than offset because of
the lower spray volumes used with imazapyr.

Conclusions

The overall weight of evidence from this analysis suggests that imazapyr herbicides can
be a safe, highly effective treatment for control and eradication of non-native Spartina species in
the San Francisco Estuary, offering an improved risk scenario over the existing treatment
regime with glyphosate herbicides. From a CEQA perspective, imazapyr’s potential significant
impacts to biological resources, and human health and safety, and mitigations required to
reduce those impacts to less than significant levels, are encompassed in those impacts and
mitigations previously identified for glyphosate. Therefore, no additional mitigation is required
for the use of imazapyr.
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1. INTRODUCTION

The following sections discuss the purpose of this report, present the sources of
information it relied on, and summarize the report’s organizational outline.

1.1 Purpose of Report

The purpose of this report is to analyze the potential ecological and human health risks
and impacts on water quality associated with using an herbicide containing the active
ingredient imazapyr to eradicate non-native, invasive salt marsh cordgrasses (genus “Spartina”)
in the San Francisco Estuary (“Estuary”) and to compare these potential risks to those resulting
from the use of a glyphosate herbicide. This report builds upon information contained in the
Programmatic Environmental Impact Statement/Environmental Impact Report (“EIS/EIR”) for
the San Francisco Estuary Invasive Spartina Project (“ISP”) Spartina Control Program!2, which
evaluated the use of a glyphosate herbicide for purposes of Spartina eradication in the Estuary.
The evaluation regarding the potential ecological risks associated with the use of an imazapyr
herbicide in addition to and/or in a mixture with glyphosate herbicides in the San Francisco
Estuary is mainly based on the findings of a recent standard ecological risk assessment that
evaluated the use of an imazapyr herbicide for control of non-native, invasive Spartina in
estuarine habitats in Washington State (“2003 Entrix report”3). The report at hand summarizes
relevant information contained in this and other risk assessments, and adapts and interprets
them for the San Francisco Estuary.

Specifically, this report

— Updates, adapts, and expands the findings of the 2003 Entrix report regarding the
potential ecological risks associated with the use of an imazapyr herbicide in an
estuarine environment to incorporate any newer information available and to
address San Francisco Estuary conditions and species;

! California State Coastal Conservancy and U.S. Fish and Wildlife Service, Volume I: Final Programmatic
Environmental Impact Statement/Environmental Impact Report, San Francisco Estuary Invasive Spartina
Project: Spartina Control Program, State Clearinghouse #2001042058, September 2003.

2 The Final EIS/EIR is a “programmatic” EIS/EIR because it analyzes the potential effects of
implementing treatment methods for a regional program rather than the impacts of an individual
treatment project. (CEQA Guidelines Section 15168.)

3 Entrix, Inc., Ecological Risk Assessment of the Proposed Use of the Herbicide Imazapyr to Control
Invasive Cordgrass (Spartina spp.) in Estuarine Habitat of Washington State, prepared for Washington
State Department of Agriculture, October 30, 2003.
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— Updates the comparison of relative ecological risks of the use of imazapyr versus
glyphosate and associated adjuvants* in an estuarine environment from the 2003
Entrix report; and

— Discusses potential changes in impacts to water quality, biological resources, human
health (from those identified in the Programmatic EIS/EIR) caused by the use of an
imazapyr herbicide on as many as 1,500 acres per year of tidal wetlands for as many
as four consecutive years.

1.2 Sources of Information

In addition to the 2003 Entrix report, this report relies on information from a standard
human health and ecological risk assessment, published by the U.S. Department of Agriculture
(“USDA”) Forest Service that evaluated the use of imazapyr for forestry applications (“2004
SERA report”3). The report at hand further incorporates unpublished information obtained
from the ISP and a number of industry representatives, researchers, and government. In
addition, this report includes information from a comprehensive literature search (DIALOG®,
TOXNET?, and web) and review of publications on ecological impacts, toxicity, and fate and
transport of imazapyr and glyphosate herbicides including potential adjuvants, focusing on
aquatic, particularly estuarine, environments.

1.3 Organization of Report

This report is organized in six sections including this introduction. The second section
presents a brief background of the Invasive Spartina Project and the use of herbicides as a
method to control non-native Spartina. The second section provides a brief overview of the
herbicides imazapyr and glyphosate including their physical/chemical properties and
environmental fate and discusses the efficacy and application challenges for control of non-
native Spartina. The fourth section provides a summary of ecological risk assessment findings
from the 2003 Entrix report for imazapyr contrasted with glyphosate. This section summarizes
and updates the most important information, highlights its key findings, and adapts the

4 Adjuvants include surfactants, compatibility agents, drift retardants, suspension aids, and spray buffers.

5 Syracuse Environmental Research Associates, Inc., Imazapyr - Human Health and Ecological Risk
Assessment - Final Report, prepared for USDA, Forest Service, December 18, 2004.

¢ DIALOG offers an online information retrieval system of materially significant databases. As part of the
Deep Web, estimated to be 500 times larger than the content accessible via web search engines, DIALOG
accesses over 900 databases. Searchable content includes articles and reports from trade publications as
well as in-depth repositories of scientific and technical data, government regulations, patents, trademarks
and other intellectual property data.

7 TOXNET, maintained by the U.S. National Library of Medicine, searches a large number of databases on
toxicology, hazardous chemicals, and related areas.

8 The literature search focused on post-2002 publications to identify newer studies that were not
incorporated into previous reports such as the 2003 Entrix report, publications by Washington State
authorities, or the Programmatic EIS/EIR.
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information to San Francisco Estuary conditions. In addition, the section provides information
on the ecological risks of glyphosate. The fifth section contains a summary of human health
risks from the 2004 SERA report adapted to conditions in the San Francisco Estuary. The report
concludes with a summary and conclusions section that summarizes and compares the findings
on ecological and human health risks of imazapyr and glyphosate applications, discusses
changes in environmental effects and approaches to minimize increased risk, and discusses
implications of the findings for purposes of and amendment of the Conservancy’s CEQA
analysis.

2. BACKGROUND

This background section summarizes the project history of the Spartina Control Program
and discusses the use of herbicides for control of non-native invasive Spartina.

21 Project History

In recent decades, non-native Spartina species were introduced into the San Francisco
Estuary and soon began to spread rapidly. In 2001 non-native Spartina occupied only about
500 acres within 5,000 acres of the Estuary’s tidal flats and marshes; by the end of 2004, only
three year later, the acreage of non-native Spartina had more than doubled and infested about
11,500 acres of tidal marshlands. (Programmatic EIS/EIR, p. 1-17; Olofson 03/05.) This invasion
of non-native Spartina, if left uncontrolled, threatens to displace the native Spartina species,
cause fundamental changes in the structure, function, and value of the Estuary’s tidal lands,
and imperil its ecological balance. One non-native species in particular, Atlantic smooth
cordgrass (S. alterniflora), and its hybrids with the native Pacific cordgrass (S. foliosa) are
spreading at an alarming rate and are likely to eventually cause the extinction of native Pacific
cordgrass, choke tidal creeks, dominate newly restored salt marshes, and alter or displace
thousands of acres of existing shorebird habitat. Potential effects include extensive regional loss
of tidal flats; elimination of critical foraging habitat for migratory shorebirds; marginalization of
endangered California clapper rail habitat; reduction or elimination of endangered salt marsh
harvest mouse habitat; increased need for dredging and flood control; and so forth. (For a
detailed discussion, refer to the Programmatic EIS/EIR, Section 1.)

In 2000, the California State Coastal Conservancy (“Conservancy”) established the
Invasive Spartina Project, a regionally coordinated effort of Federal, State, and local agencies,
private landowners, and other interested parties that aims to eradicate non-native, invasive salt
marsh Spartina. In 2003, the Conservancy, as the lead agency under the California
Environmental Quality Act (“CEQA”), certified the Programmatic Environmental Impact
Statement/Environmental Impact Report for the San Francisco Estuary Invasive Spartina
Project Spartina Control Program. The Spartina Control Program, the “action arm” of the ISP,
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implements a number of manual, mechanical, and chemical treatment techniques to arrest and
reverse the spread of non-native Spartina species in the San Francisco Estuary. The
Programmatic EIS/EIR addressed the environmental impacts of implementing the Spartina
Control Program, identified significant impacts, and summarized the requisite mitigation in a
Mitigation Monitoring and Reporting Program (“MMRP”; Programmatic EIS/EIR, Appx. K).

22 Use of Herbicides for Control of Spartina

Spartina plants resprout every year from a dense persistent root mass, which spreads as
a clone through horizontal underground rhizomes. A rhizome, also called a rootstalk or
rootstock, is a fleshy, horizontally creeping underground stem of a plant that often produces
new roots and shoots from its nodes that serve to spread the plant by vegetative reproduction.
Thus, if a rhizome is cut, it does not die, as would a root, but the cut-off part becomes a separate
plant. Spartina also has the ability to disperse long distances by way of broken root fragments
and floating seeds. Spartina often grows in soft sediments. These factors make Spartina difficult
to eradicate by mechanical means alone.

The use of herbicides in combination with other treatment methods has proven effective
for the control of estuarine cordgrass populations elsewhere, e.g., in Washington State, New
Zealand, and Northern Ireland, and is a key component of the Spartina Control Program for the
San Francisco Estuary. (Patten 20049 ISSG0; Hammond & Cooper!!; Programmatic EIS/EIR,

p- 2-23.) For some sites, particularly expansive monoclonal stands of Spartina and inaccessible
mudflats, herbicide application is the only feasible and time- and cost-effective treatment
method that results in a sufficient level of control to facilitate the eradication of non-native
Spartina. (Patten 03/0512.)

The Conservancy ultimately approved the Programmatic EIS/EIR’s Alternative 1
(Regional Eradication Using All Available Control Methods), which included the use of
herbicides in addition to a variety of manual, mechanical and chemical treatment methods and
combinations thereof including hand-pulling and manual excavation; mechanical excavation
and dredging; mowing, burning, pruning, and flaming; crushing and mechanical smothering;
covering/ blanketing; flooding and draining. (Programmatic EIS/EIR, pp. 2-23—2-18.)

9 Patten K, Comparison of chemical and mechanical control efforts for invasive Spartina in Willapa Bay,
WA, Third International Conference on Invasive Spartina, San Francisco, California, November 8-10,
2004.

10 Invasive Species Specialist Group, Global Invasive Species Database, Spartina anglica, Management
Info and Links; http:/ /www.issg.org/ database, accessed April 19, 2005.

1 Hammond MER, Cooper A, Spartina anglica eradication and inter-tidal recovery in Northern Ireland
estuaries; in: Veitch CR, Clout MN (eds.), Turning the Tide: the Eradication of Invasive Species,
International Union for the Conservation of Nature, Gland, Switzerland, and Cambridge, United
Kingdom, 2002, pp. 124-131.

12 Personal communication with Kim Patten, Washington State Department of Agriculture, March and
April 2005.
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At the time the Programmatic EIS/EIR was compiled, the only herbicide registered by
the California Environmental Protection Agency (“CalEPA”) for use in estuarine habitats was
glyphosate (brand names for registered aquatic formulations “Aquamaster®” and “Rodeo®”).
Recently, the herbicide imazapyr (brand name “Habitat®”), was submitted to the CalEPA
Department of Pesticide Regulation (“DPR”) for registration and is expected to be approved for
estuarine use in early summer 2005. (Olofson 03/053.) The ISP would like to include the use of
imazapyr in the Spartina Control Program because under certain estuarine conditions it has
several apparent benefits over the use of glyphosate and has been found to have fewer
environmental impacts than glyphosate. (See Sections 3.2 and 4.) Imazapyr is not intended as a
complete replacement of glyphosate but rather as an additional tool to be used by itself or in
combination with glyphosate where appropriate. In some situations, the Spartina Control
Program will be intentionally using the less effective glyphosate treatment to achieve its control
objectives. For example, glyphosate may be used to kill a portion of the vegetation on the site
and reduce the site’s seed production, at the same time maintaining sufficient cover for the
endangered California clapper rail while other areas are naturally revegetating with native
plants and not being reinfested by seed from the treated site. As another example, glyphosate
might be the herbicide of choice for treatment of sites where there are only few non-native
Spartina in a matrix of primarily native pickleweed (Salicornia virginica). In this case, using the
less effective herbicide would be preferable to reduce any potential adverse effects to
pickleweed due to overspray. In some instances, imazapyr could be used in a mixture with
glyphosate, which could serve as a brown-down!4 indicator. (See Section 3.2.) The appropriate
treatment method will be determined by site-specific conditions as detailed in the Site-specific
Plans (“SSPs”), which are developed annually by the ISP. (Olofson 03/05.)

Because the use of imazapyr was not specifically addressed and evaluated in the
Programmatic EIS/EIR, the Conservancy intends to amend its CEQA analysis of potential
environmental impacts to include the use of imazapyr.

3. IMAZAPYR AND GLYPHOSATE HERBICIDES FOR
CONTROL OF NON-NATIVE SPARTINA

The following sections contain an overview of imazapyr and glyphosate herbicides and
their environmental fate followed by a short discussion of the challenges the estuarine

13 Personal communication with Peggy Olofson, Invasive Spartina Project, Berkeley, CA, March and April
2005.

14 The term brown-down, or burn-down, refers to the visible effect of browning (or yellowing) of leaves or
the entire plant after application of an herbicide.
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environment poses for their application, and a summary of experiences regarding the efficacy of
both herbicides for control of non-native Spartina.

3.1 Herbicides Overview

The following sections provide information on the composition of the commercial
formulations of imazapyr and glyphosate; describes the mechanisms of action in plants;
summarizes application rates and surfactants and colorants proposed for use; and reviews
physical and chemical properties, degradation rates, products, and pathways, and general
toxicity and bioaccumulation ratings. Attached Table A-1 summarizes key information for both
herbicides.

3.1.1 Commercial Formulations

Imazapyr. Imazapyr is the active ingredient (“a.i.”) in a number of commercially
available formulations for different applications. It was first registered for the control of
undesirable vegetation in 1984. In the U.S,, it has mainly been used in forestry applications.
(Birk 04/05.) In November 2003, imazapyr received Federal registration for use in non-crop
aquatic sites under the brand name “Habitat®.” (BASF 2004'5.) In February 2005, the
manufacturer submitted Habitat® for registration in California to the DPR for the control of
aquatic nuisance vegetation, including its use in estuarine environments and registration is
expected in June of 2005. (Olofson 03/05.) Imazapyr is typically formulated as either a weak
acid or as its isopropylamine salt. Habitat® is a solution of 28.7% isopropylamine salt of
imazapyr in water, equivalent to 22.6% imazapyr acid equivalents (“a.e.”), and contains a small
amount of an acidifier. (BASF 20031¢; Birk 04/05.) Because Habitat® is purportedly the same
formulation as Arsenal® and Arsenal® contains acetic acid, the acidifier in Habitat®is likely also
acetic acid. (Birk 04/05; NCAP 2003.) The aquatic formulation Habitat® does not contain any
surfactants; however, treatment of postemergent vegetation requires the addition of surfactants
to the tank mix. (BASF 2003; Volmer 03/05'7; see Section 3.1.3.)8 No information has been
encountered in the published literature on manufacturing impurities associated with imazapyr.
Because virtually no chemical synthesis yields a totally pure product, technical grade imazapyr
contains some impurities. However, to some extent, concern for impurities in technical grade
imazapyr is reduced by the fact that most existing toxicity studies on imazapyr were conducted
with the technical grade product and encompass the toxic potential of the impurities. (SERA
12/04, p. 3-10.) Habitat® may be tank-mixed with other aquatic use herbicides. (BASF 2003.)

15BASF Corporation, Habitat® Herbicide for Aquatic and Invasive Vegetation Control, 2004.
16 BASF Corporation, Habitat® Herbicide, Specimen, EPA Reg. No. 241-426, 2003.
17 Personal communication, with Joe Volmer, BASF Corporation, March 24, 2005.

18 Historically, formulations of imazapyr for terrestrial use contained non-ionic surfactants. For
reregistration in the U.S., these products were reformulated without surfactants. At present, the only
imazapyr formulation for terrestrial use is Arsenal® Railroad. (Volmer 03/05.)
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Glyphosate. Glyphosate, first registered in the U.S. in 1986, is among the most widely
used pesticides in volume worldwide. (U.S. EPA 09/9319.) Most commercial formulations of
glyphosate are for terrestrial applications and only two formulations, Aquamaster® and Rodeo®,
are currently registered for aquatic use. Glyphosate itself is an acid but it is commonly
formulated in salt form, most commonly the isopropylamine salt. Aquamaster® and Rodeo® are
both aqueous solutions of 53.8% of the isopropylamine salt of glyphosate, equivalent to 48.0%
glyphosate a.e. Neither formulation contains inert ingredients other than water or surfactants.
(Monsanto 20002; Dow AgroSciences 20012.) However, the technical-grade glyphosate used to
formulate these products contains a small amount of 2,4-nitrosoglyphosate (“NNG”), an
impurity formed during the synthesis of glyphosate. (U.S. EPA 09/93.) All applications of
Aquamaster® and Rodeo® require the addition of a non-ionic surfactant to the tank mix for use
on aquatic nuisance vegetation. (Monsanto 2000; Dow AgroSciences 2001; see Section 3.1.3.)

3.1.2 Mechanism of Action and Effects

The mechanism of action of an herbicide is the biochemical or physical method by which
it causes the suppression of growth or death of specific plants. Both imazapyr and glyphosate
herbicides are systemic broad-spectrum herbicides?? that are applied to, and absorbed by, roots
and foliage and are rapidly transported via the plant’s phloem?? and xylem?* to its meristematic
tissues? or growing regions. (Uptake via roots is irrelevant under estuarine conditions because
herbicide applications occur onto shoots and foliage.) Because Spartina clones propagate rapidly
via rhizomes, the translocation of the herbicide into the rhizomes and their ensuing cell death
effectively prevents further spreading of the clone once the aboveground portion of the plant
has died. Both herbicides block a specific enzyme in the synthesis of certain amino acids in

19 U.S. Environmental Protection Agency, R.E.D. (registration eligibility decision) Facts, Glyphosate,
EPA-738-F-93-011.

20Monsanto Company, Aquamaster®, Complete Directions for Use in Aquatic and other Noncrop Sites,
EPA Reg. No. 524-343, 2000.

2 Dow AgroSciences LLC, Rodeo®, Specimen Label, EPA Reg. No. 62719-324, revised April 17, 2001.

22 Broad spectrum (also referred to as non-selective) herbicides are those that are used to control all or
most vegetation. Systemic herbicides are absorbed into the living portion of the plant and move within
the plant.

2 In vascular plants, phloem is the tissue that transports organic nutrients, such as sugars, particularly
sucrose, amino acids, and certain hormones. The movement in phloem is bidirectional and driven by
positive hydrostatic pressures. This process is termed translocation.

2 In vascular plants, xylem is the tissue that carries water up the root and stem. The xylem sap consists
mainly of water and inorganic ions, such as nitrate. The movement of sap in xylem cells is unidirectional
and always moves from the roots to the leaves. The most important phenomenon that causes xylem sap
to flow is transpirational pull, which is caused by the transpiration of water from leaves. In addition,
because the soil solution is more dilute than the cytosol (internal cell fluid) of the root cells, water moves
osmotically into the cells, creating so-called root pressure.

25 Meristematic tissues, or meristems, are undifferentiated (unspecialized) tissues in which cell division
occurs.
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plants. The ensuing disruption of protein synthesis leads to interference in cell growth resulting
in chlorosis?® and tissue necrosis?’ of new leaves.

Imazapyr. Imazapyr inhibits an enzyme in the biosynthesis of the three branched-chain
aliphatic amino acids valine, leucine, and isoleucine. (BASF 2004.) Because animals do not
synthesize branched-chained aliphatic amino acids but obtain them from eating plants and
other animals, the engineered mechanism for plant toxicity, i.e. the interruption of protein
synthesis due to a deficiency of the amino acids valine, leucine, and isoleucine, is not generally
relevant to birds, mammals, fish or invertebrates. Any toxicity to these receptors occurs through
different mechanisms. (Entrix 10/03, p. 24.) Imazapyr is relatively slow acting and it takes
several weeks for the plants to show effects. Plants cease to grow initially in the roots and later
in the aboveground portions. (Cox 1996 in Entrix 10/03, p. 24.) On Spartina, it takes 4-8 weeks
after treatment for effects, i.e. yellow flagging of the leaf margin, to show and complete plant
death can take several months. (Patten 03/0423; Patten 03/05.)

Glyphosate. Glyphosate inhibits an enzyme needed to synthesize an intermediate
product in the biosynthesis of the aromatic amino acids, essential for protein synthesis and to
produce many secondary plant products such as growth promoters, growth inhibitors,
phenolics, and lignin. Animals do not synthesize these aromatic amino acids and glyphosate
therefore has low toxicity to these receptors. (Schuette 19982.) Plants vary in their sensitivity to
glyphosate exposure mostly by how readily the herbicide is absorbed and internally
transported. (Programmatic EIS/EIR, pp. 3.3-26.) In general, glyphosate herbicides are
somewhat faster acting than imazapyr herbicides. Visible effects on most annual weeds occur
within two to four days and after 7 days on most perennial weeds. Visible effects are a gradual
wilting and yellowing of the plant that advances to complete browning of aboveground growth
and deterioration of underground plant parts. (Schuette 1998.) On Spartina, complete brown-
down occurs within 7 to 21 days. (Patten 03/04.)

3.1.3 Adjuvants

For most foliar applications of herbicide formulations, adjuvants must be added to spray
solutions to improve the performance and minimize variation of herbicide efficacy. Examples of
adjuvants include surfactants® (surface active agents), compatibility agents (used to aid mixing
of two or more herbicides in a common spray solution), drift retardants (used to decrease the
potential for herbicide drift), suspension aids (used to aid mixing and suspending herbicide

2 Chlorosis is a term for the yellowing or whitening of normally green plant tissue because of a decreased
amount of chlorophyll.

27 Necrosis is a term for the death of cells or tissues.
28 Patten K, Imazapyr for aquatic use, Presentations, March 2004.

2 Schuette ], California Environmental Protection Agency, Department of Pesticide Regulation,
Environmental Fate of Glyphosate, revised November 1998.

30 Frequently, the term surfactant is used for all types of adjuvants (except colorants).
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formulations in solution), spray buffers (used to change the spray solution acidity), and
colorants. Surfactants are designed to improve the spreading, dispersing/emulsifying, sticking,
absorbing, and/ or pest-penetrating properties of the spray mixture. (Tu ef al. 200131.) The pure
herbicide formulation mixed with water will stand as a droplet on the waxy leaf surface and the
small area of contact therefore provides little potential for uptake of the active ingredient into
the foliage. Water droplets containing a surfactant will spread in a thin layer over a waxy leaf
surface and improve herbicide uptake by improving herbicide distribution on the leaf surface.
As mentioned above, both Habitat® and the glyphosate herbicides Aquamaster® and Rodeo®
require the use of surfactants for postemergent applications such as the control of Spartina.
Without surfactants, the formulation would not sufficiently penetrate the often tough cuticle of
postemergent plants. (Volmer 03/05.)

Imazapyr. The Habitat® specimen label recommends a variety of different spray
adjuvants for use on postemergent vegetation. For non-ionic surfactants the label recommends a
rate of 0.25% v/v32 or higher, preferably of a surfactant with a hydrophilic to lipophilic ratio
between 12 and 17 and with at least 70% surfactant in the formulated product. (This excludes
alcohols, fatty acids, oils, ethylene glycol, or diethylene glycol.) Alternately, the label
recommends the use of methylated seed oils or vegetable oil concentrates at the rate of 1.5 to
2 pints per acre. For spray volumes greater than 30 gallons per acre, the surfactant should be
mixed at a rate of 1%. The label further indicates that these oils may aid in Habitat® deposition
and uptake by the plants under moisture or temperature stress. Silicone-based surfactants,
which may reduce the surface tension of the spray droplet, allowing greater spreading on the
leaf surface as compared to conventional non-ionic surfactants, are also recommended.
However, the manufacturer points out that some silicone-based surfactants may dry too
quickly, limiting herbicide uptake. (BASF 2004.)

One study from Washington State concluded that the esterified seed oil surfactant
tested, Competitor®, performed better than the other surfactants tested, i.e. Agri-Dex®, a crop
oil-based surfactant, and R-11®, a non-ionic surfactant. This finding is supported by other
studies. (Patten 2002%.) The author recommended using a methylated seed oil surfactant for
aerial applications and for unfavorable conditions such as less than 6 hours of drying time or
moist leaves. (Patten 03/05.)

Glyphosate. The Aquamaster® and Rodeo® specimen labels recommend the use of a
non-ionic surfactant containing at least 50% active ingredient at a rate of 2 or more quarts per
100 gallons of tank mix (0.5% v/v). (Monsanto 2000; Dow AgroSciences 2001.)

31 Tu M, Hurd C, Randall JM, Weed Control Methods Handbook: Tools and Techniques for Use in
Natural Area, April 2001.

32 The abbreviation %v/v, percentage volume by volume, describes the concentration of a substance in a
mixture or solution. Thus, 0.25% v/v surfactant means that the volume of the surfactant is 0.25% of the
total volume of the tank mix.

3 Patten K, Smooth cordgrass (Spartina alterniflora) control with imazapyr, Weed Technology, vol. 16,
pp. 826-832, 2002.
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Not all surfactants provide the same effectiveness and surfactant costs vary widely. In
general, non-ionic surfactants and crop oil concentrates are the least expensive of the surfactant
classes, followed by esterified seed oils and organo-silicates. (Miller & Westra 08/0434.) The ISP
identified a number of potential surfactants for use with Habitat®, Aquamaster®, or Rodeo®.
They include the non-ionic surfactants LI-700®, Liberate®, and Cygnet Plus; the crop-oil
concentrate Agri-Dex®; the esterified seed oil Competitor®; and the organo-silicones Dyne-
Amic® and Kinetic®.3> Attached Table A-2 summarizes the chemical properties of these
surfactants. Based on the anticipated efficacy of the products and their superior relative
toxicities, the ISP expects to use Competitor®, Agri-Dex®, LI-700%, and Cygnet Plus, appropriate
for addition to the Spartina Control Program. If actual efficacies of these products prove to be
inadequate, the ISP will then consider Liberate®, Dyne-Amic®, and Kinetic®. (Olofson 04/05.)

3.14 Colorants

A colorant will be added to the herbicide/surfactant solution to enable spray crews to
see where they have sprayed after initial evaporation of the solution. Little published
information regarding the use of colorants with herbicides exists. Moreover, the manufacturers
of the colorants and the suppliers of the herbicides/surfactants do not make recommendations
concerning the use of specific colorants. Rather than the manufacturers or suppliers, it is the
applicator who usually determines the compatibility of a colorant with an herbicide and the
efficacy of the colorant for a particular application. (SERA 12/07, p. 1.)

The ISP has identified Blazon® Spray Pattern Indicator “Blue” (“Blazon® Blue”) for use
with Aquamaster® or Rodeo®and will likely use the same product for use with Habitat®.
(Programmatic EIS/EIR, p. 3.2-13; Olofson 03/05.) Blazon® Blue is a water-soluble non-ionic
polymeric colorant. As with most colorant products, the active ingredients are proprietary; the
Material Safety Data Sheet (“MSDS”) only indicates that it is non-hazardous and non-toxic. The
product information sheet reports that the product is non-staining to the skin or clothing. The
colorant is typically added at a rate of 3 quarts per 100 gallons of solution, or 16 to 24 ounces per
acre sprayed. (See Programmatic EIS/EIR, Table 2-2). Product information for Blazon® Blue is
provided in Appendix E-2 to the Programmatic EIS/EIR. Table A-2 summarizes the chemical
properties of Blazon® Blue.

34 Miller P, Westra P, Herbicide Surfactants and Adjuvants, Colorado State University Cooperative
Extension, Bulletin no. 0.559, August 23, 2004.

% The categorization of surfactant classes is inconsistent and the names of surfactant classes are not
necessarily intuitive regarding the content of the surfactant. For example, crop oil concentrates are not
made from vegetable oils but from petroleum oils and not all surfactants with mainly non-ionic
ingredients, e.g., oils, are classified as non-ionic surfactants. To complicate the fact, surfactant mixtures
often contain several ingredients belonging to different surfactant classes. They are typically, but not
always, classified based on their main ingredient; for example, the surfactant Agri-Dex® is alternately
referred to as crop oil concentrate or as a non-ionic surfactant.

10
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3.1.5 Application Rates

Herbicide mixtures will be sprayed onto target plant surfaces, either manually with
backpack sprayers or with spray equipment mounted on trucks, amphibious tracked vehicles,
boats, or helicopters (broadcast sprayers or directed spray apparatus). (Programmatic EIS/EIR,
p. 2-13; Olofson 03/05.) In certain situations, pastes may be applied to cut stems or solutions
wiped or painted on foliage. Application of imazapyr herbicide would follow the same
guidelines and precautions set forth in the MMRP for the application of glyphosate herbicides.

Imazapyr. Habitat® tank mixes will be applied with varying concentrations , depending
on the application method, of typically at 1 to 1.5 Ib a.e. imazapyr/acre. High-volume handheld
sprayers will typically use a spray volume of 100 gal/acre. Low-volume directed sprayers will
use about 20 gal/acre. The aerial application with helicopters uses a low-volume tank mix of
10 to 30 gal/acre of a 2.5-7.5% solution of Habitat®. The low spray volumes are necessitated by
the relatively small helicopter tank volume (~50 gallons), which would otherwise require
frequent refilling. Helicopter applications are controlled via global positioning systems (“GPS”)
and are therefore quite precise. Applications via helicopter result in a uniform, vertical
deposition onto the plants. (Patten 03/05.)

Glyphosate. Compared to imazapyr, application of glyphosate requires considerably
higher concentrations of the active ingredient to achieve high rates of efficacy. Depending on
the application method, the herbicide is applied at a rate up to about 11 Ib a.e. glyphosate/acre.
Typically, these applications require considerably higher amounts of glyphosate active
ingredient per acre than imazapyr.

The exact herbicide solution concentration, the choice of surfactants and colorants, and
the determination of application rates will be based on site-specific conditions and are described
in the SSPs. Attached Tables A-3a and A-3b provide summaries of potential tank mixtures and
application rates for treatment of non-native Spartina in San Francisco Estuary with imazapyr
and glyphosate herbicides.

Experiences with imazapyr/glyphosate herbicide mixtures are limited and insufficient
for tabulation of potential application rates for the various treatment methods of the Spartina
Control Program. The most effective application rates will be experimentally determined,
following the directions of the more restrictive label.

3.1.6 Chemical/Physical Properties
Imazapyr. Under typical environmental conditions of pH 5-9, imazapyr is ionized and
therefore highly soluble in water. The solubility of imazapyr increases with temperature,

9,740 mg/L at 15°C (59 F), 11,272 mg/L at 25°C (77 F), and 13,479 mg/L at 35°C (95 F). Because
of its high solubility, imazapyr has an inherently low sorption potential with a low soil organic

11
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carbon sorption coefficient’¢ (“Ko.”) of 8.81 (log Ko), suggesting very high mobility in soil and
little adsorption to suspended solids and sediment. Its octanol/water partition coefficient?”
(“Kow”) has been reported at 0.2238 (log Kow), reflecting its high solubility in water and low
solubility in lipids, and hence low propensity to bioconcentrate. A low bioconcentration factor3®
(“BCF”) of 3 was calculated for imazapyr, which suggests a low potential for bioconcentration
in aquatic organisms. The vapor pressure® of imazapyr, 1.8x10-1* mmHg, indicates that
imazapyr is not expected to volatilize from dry soil surfaces and its estimated Henry’s Law
constant! of 7.1x10-7 atm m3/mole indicates low volatility of imazapyr from water or moist soil
surfaces. (Entrix 10/03, p. 31; HSDB 04/054.)

% The soil organic carbon sorption coefficient, or K., defines the partitioning of a chemical into the
organic fraction of the soil. It is based on the chemical’s distribution coefficient K4, which is the ratio of a
chemical’s concentration in a solid phase of a solid/ water system, normalized to the percent of organic
matter contained in the soil.

37 The octanol/water partition coefficient, or Kow, is the ratio of a chemical’s concentration in the octanol
phase to its concentration in the aqueous phase of a two-phase octanol/water system. Values of K., are
unitless, and usually measured at room temperature. Koy values range from 10-3 to 107, (log Ko of -3

to 7). A compound with a high Ko, is considered relatively hydrophobic, and tends to have low water
solubility, a large soil/sediment adsorption coefficient, a large retardation factor, and a large
bioconcentration factor.

38 The 2003 Entrix report cites a Kow of 1.3 for imazapyr, indicating the same properties. (Entrix 10/03,
p. 31.)

% Biological tissues may act as an additional reservoir for chemicals applied intentionally or inadvertently
to the environment. Bioconcentration refers to the absorption or uptake of a chemical from the media to
concentrations in the organism’s tissues that are greater than in surrounding environment. The degree to
which a contaminant will concentrate in an organism is expressed as the bioconcentration factor, or BCF,
which is defined as the concentration of a chemical in an organism’s tissues divided by the exposure
concentration. Thus, a BCF of 100 means that the organism concentrates that chemical to a concentration
100 times greater than in the surrounding media. The term bioaccumulation refers to the tendency of
some chemicals to become increasingly concentrated at successively higher trophic levels of a food chain
or food web.

40 Vapor pressure is a measure of a substance’s propensity to evaporate and become a gas. It is measured
as the pressure, i.e. is force per unit area, exerted by vapor in an equilibrium state, with surroundings at
given conditions of temperature and pressure, usually expressed in millimeters of mercury at 68F (20°C),
unless stated otherwise. It increases exponentially with an increase in temperature. The higher the vapor
pressure, the greater the tendency of the substance to evaporate.

41 Henry’s law applies to chemicals dissolved in dilute aqueous solutions that have reached equilibrium
between the aqueous and adjacent air phase, i.e. the solubility of a gas in a liquid is proportional to the
pressure of the gas over the solution. At equilibrium for a fixed temperature and chemical the ratio of the
chemical concentration in air to the chemical concentration in water is a constant referred to as the
Henry’s law constant.

42 National Library of Medicine, Hazardous Substances Database (“HSDB”), queries: imazapyr;
glyphosate; glyphosate isopropylamine salt; accessed April 6, 2005.
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Glyphosate. Under typical environmental conditions of pH 5-9, glyphosate is ionized.
Glyphosate and its salts are readily soluble in water with a solubility of about 12,000 mg/L. Its
interactions with soil and sediment are primarily ionic, rather than hydrophobic and pH
dependent. Laboratory and field studies indicate that glyphosate is strongly and reversibly
adsorbed by soil, sediment, and suspended sediment. Glyphosate is inactivated through soil
adsorption. Due to its negligible vapor pressure (7.5x10-¥ mmHg) and its ionic state in water,
glyphosate is not expected to volatilize from water or soil. Its very low Henry’s Law constant,
less than 1.44x10-12 atm-m?3/mole, indicates that it tends to partition in water versus air.
Glyphosate’s Kow has been reported at 0.00033, indicating its high solubility in water, low
solubility in lipids, and thus low potential to bioconcentrate. (HSDB 04/05; Schuette 1998.)

3.1.7 Environmental Fate

The environmental fate of herbicides, adjuvants, or their mixtures is determined by the
physical/chemical characteristics described above and the conditions of the environmental
compartments, or media, i.e. air, water, soils, sediments, and biota.

Imazapyr. The fate of imazapyr after application varies with environmental conditions.
Movement through the environment of the weak acid is primarily determined by the pH of the
environmental compartments.

Air. Because the vapor pressure and Henry’s Law constant for imazapyr are very low,
the fate pathway of this herbicide through volatilization is nonexistent.

Soils. Imazapyr is relatively mobile in soils because it adsorbs to soils and sediments
only weakly. Adsorption increases with decreasing pH. Above a pH of 5, imazapyr is ionized
and does not adsorb to soil. Volatilization of imazapyr from soil is insignificant. Aerobic®
degradation in soils occurs primarily by very slow microbial metabolism with quinoline as the
main metabolite. Anaerobic# metabolism in soils appears to be insignificant. (Entrix 10/03,
pp. 32-33.)

Sediments. Conditions in sediments differ substantially from those in soils, both in terms
of the regular exchange of waters within the sediment pore water and over it, and in the degree
of oxygenation in sediments that affect microbial metabolism. Because the pH of sediment
surfaces and sediment pore water in intertidal mudflats is above neutral (pH >7), imazapyr will
be entirely in its ionized form. Thus, adsorption to sediments is expected to be minimal. (Entrix
10/03, pp. 32-33.) Microbial metabolism in sediments has been determined to be insignificant.
One study determined the half-life of imazapyr in the pore water of aerobic sediment at

43 Aerobic is a descriptive term for processes or organisms that require the presence of oxygen to occur or
to live.

4 Anaerobic is a descriptive term for a process, such as fermentation or microbial degradation, that can
proceed in the absence of oxygen, or organisms that survive in the absence of oxygen.
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17 months. Other studies found no degradation in either aerobic or anaerobic sediment.
(American Cyanamid 1986b and 1988c in SERA 12/04.)

Water. In aquatic systems, imazapyr is not expected to be biodegraded or adsorbed to
sediment particles. Volatilization of imazapyr from water is insignificant. The degradation of
imazapyr when applied directly to water largely mimics the pathway by which the herbicide
would be mobilized at high tide after application to Spartina during low tide. Residual imazapyr
on the plants that have not completely dried or did not get absorbed by the plants will be
inundated by the incoming tide and presumably solubilized. (Entrix 10/03, pp. 35-38.) Aquatic
degradation studies under laboratory conditions demonstrated rapid initial photolysis of
imazapyr with reported half-lives ranging from 3 to 5 days. (BASF 2004; American Cyanamid
1986b in SERA 12/04.) The two primary photodegradation products were rapidly degraded
with half-lives less than or equal to 3 days and eventual mineralization to carbon dioxide
(“COy"). (Entrix 10/03, pp. 35-38.)

Degradation rates in turbid and sediment-laden waters, common to estuarine
environments, are expected to be lower than those determined under laboratory conditions. In
controlled field dissipation®’ studies in two freshwater pond systems with application of
1.5 1b imazapyr a.e./acre, imazapyr rapidly dissipated from the water with first-order half-lives
of 1.9 days and 12.8 days. No detectable residues of imazapyr were found in the water and
sediment after 14 and 59 days, respectively. (Entrix 10/03, pp. 35—36.) The pond in the study
with the longer half-life experienced a turnover# during the experiment, which resulted in an
increase in suspended particles and decreased clarity. The resulting reduced rate of photolysis
explains the differences in the rates of dissipation of imazapyr. (Birk 04/05.)

In estuarine systems, dilution of imazapyr in the incoming tide will contribute to its
rapid dissipation and removal from the area where it has been applied. Studies in estuaries in
Washington State examined the fate of imazapyr applied at a standard rate of 1.5 Ib imazapyr
a.e./acre directly to sediment. The study design was conservative because imazapyr was

4 Unlike laboratory degradation experiments where more variables can be controlled and measured, field
experiments are generally termed “dissipation” studies because the multiple variables inherent to such
systems limit the range of analyses that can be conducted.

46 Most lakes in temperate climates experience a turnover of their water bodies in spring and fall. Water is
most dense (heaviest) at 39 F (4°C) and as temperature increases or decreases from 39 F, it becomes
increasingly less dense (lighter). In summer, lakes are maintained by climate in what is called a stratified
condition. Less dense, warmer water is at the surface and denser, colder water is near the bottom. During
late summer and autumn, air temperatures cool the surface water causing its density to increase. The
heavier water sinks, forcing the lighter, less dense water to the surface. This continues until the water
temperature at all depths reaches approximately 39 F. Because there is very little difference in density at
this stage, the waters are easily mixed by the wind. The sinking action and mixing of the water by the
wind results in the exchange of surface and bottom waters, which is called “turnover.” During spring, the
process reverses itself. This time, ice melts, and surface waters warm and sink until the water
temperature at all depths reaches approximately 39 F. The sinking of water combined with wind mixing
causes spring “turnover.”
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applied to bare mudflats with no algal or emergent vegetation intercepting the herbicide. The
study measured immediate maximum concentrations of imazapyr in intertidal waters and
sediment less than 3 hours after application and short-term concentrations between 24 and

72 hours after application. Sediment samples collected 3 hours after application were retrieved
immediately after the first tidal wash over the area. Maximum concentrations in water and
sediment were detected at 3.4 mg/L and 5.4 mg/kg, respectively. Measurable concentrations of
imazapyr declined exponentially in both water and sediment, approaching the zero-asymptote
at 40 and 400 hours with half-lives of <0.5 and 1.6 days, respectively. Water collected 20 and
200 feet outside the spray zone with the first incoming tide was 99% lower than the maximum
water concentration at the edge of the spray zone. Application of the same amount of herbicide
to a stand of 5.5-foot tall Spartina resulted in a 75% reduction in concentrations in sediment
through interception by the canopy. (Patten 200347.) In sum, this research suggests that
imazapyr quickly dissipates in estuarine environments. In addition, the same researcher
observed that other vegetation immediately colonizes the plots treated with imazapyr after the
Spartina plants have died, which supports the conclusion of very low persistence of imazapyr in
estuarine environments. (Patten 04/05.) A study in Washington State evaluated imazapyr
concentrations in water after treatment of non-native Spartina directly after and 24 and 48 hours
after treatment at the treatment site and directly after treatment away from the treatment site to
detect off-site transport. All samples had imazapyr concentrations lower than 0.01 mg/L. The
highest concentration was found directly after application at the treatment site at 0.008 mg/L.
(Murphy 01/054.)

Biological Tissues. As discussed previously in Section 3.1.6, imazapyr has a very low
propensity to bioconcentrate or bioaccumulate as indicated by its low log Kow of 0.22 and its
calculated BCF of 3. (See attached Table A-1.) Several freshwater pond studies with a variety of
fish, a crustacean, and a mollusk confirm these theoretical conclusions for aquatic organisms.
(Entrix 10/03, p. 39.) In plants, imazapyr residues decline rapidly in the first 24 hours following
foliar application with the parent compound remaining as the major residue. (HSDB 04/05.)
Half-lives in plants have been determined to vary from 15 to 37 days. (Neary & Michael 1993;
Knisel et al. 1992; both in SERA 12/04.)

Glyphosate. The fate of glyphosate after application varies with environmental
conditions and is largely determined by its adsorption to particles.

Air. Because the vapor pressure and Henry’s Law constant for glyphosate are very low,
the fate pathway of this herbicide through volatilization is nonexistent.

Soils. In general, glyphosate is moderately persistent in soil. Soil studies have
determined glyphosate half-lives ranging from 3 to 130 days. The soil field dissipation half-life
averaged 44 to 60 days. In the soil environment, glyphosate is resistant to chemical degradation,

47 Patten K, Persistence and non-target impact of imazapyr associated with smooth cordgrass control in
an estuary, Journal of Aquatic Plant Management, vol. 41, pp. 1-6, 2003.

48 Murphy K, 2004 Spartina Eradication Program, Water Quality Monitoring, January 20, 2005.
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is stable to sunlight, is relatively non-leachable, and has a low tendency to runoff (except as
adsorbed to colloidal matter). It is relatively immobile in most soil environments as a result of
its strong adsorption to soil particles. Less than one percent of the glyphosate in the soil is
absorbed via the roots. The herbicide is inactivated and biodegraded by soil microorganisms
under both aerobic and anaerobic conditions. Rates of decomposition depend on soil and
microorganism population types. The primary metabolite of glyphosate is
aminomethylphosphonic acid (“AMPA”). Degradation of AMPA is generally slower than that
of glyphosate possibly because AMPA may adsorb onto soil particles more strongly than
glyphosate and/or because it may be less likely to permeate the cell walls or membranes of soil
microorganisms. (HSDB 04/05; Schuette 1998, Programmatic EIS/EIR.)

Sediments. Glyphosate is rapidly and strongly adsorbed to sediment, which appears to be
the major sink for glyphosate in aquatic systems. Like in soils, the herbicide is inactivated and
biodegraded by microorganisms. (HSDB 04/05; Schuette 1998, Programmatic EIS/EIR.)

Water. Several studies indicate that glyphosate is stable in water at pH ranging from
3 to 6. The photolytic half-life of glyphosate in deionized water exposed outdoors to sunlight
was approximately 5 weeks at 100 ppm and 3 weeks at 2000 ppm. Glyphosate shows little
propensity toward hydrolytic decomposition. Its hydrolysis half-life is greater than 35 days. It is
also stable to photodegradation under visible light but photolyzes when exposed to UV
radiation. Glyphosate’s loss from water occurs mainly through sediment adsorption and
microbial degradation. The rate of microbial degradation in water is generally slower because
there are fewer microorganisms in water than in most soils. Studies conducted in a forest
ecosystem found that glyphosate dissipated rapidly from surface water ponds high in
suspended sediment, with first order half-lives ranging from 1.5 to 11.2 days. In streams,
residues were undetectable within 3 to 14 days. Other studies using water from natural sources
determined glyphosate’s half-life ranging from 35 to 63 days. For all aquatic systems, sediment
appears to be the major sink for glyphosate residue. A review of the literature on glyphosate
dissipation applied under estuarine conditions suggests that 24 to 48 hours after applications,
glyphosate concentrations in water were reduced by more than 60-fold but detected residues
were still two orders of magnitude greater than imazapyr residues. (Patten & Stenvall 2002.)
A study in Washington State evaluated glyphosate concentrations in water after treatment of
non-native Spartina. Directly after and 24 and 48 hours after treatment, most samples were
lower than 0.1 mg/L. In two samples taken directly after application, glyphosate concentrations
of 0.76 and 2.24 mg/L were detected. The latter concentration was collected at the base of a farm
dike, possibly indicating runoff from the farm. (Murphy 01/05.)

Biological Tissues. Glyphosate is not expected to bioconcentrate in aquatic organisms.
Most studies report minimal retention and rapid elimination in fish, birds, and mammals.
(HSDB 04/05.) The highest reported bioaccumulation factor (“BAF”) for glyphosate in aquatic
freshwater organisms has been determined at 65.5 for tilapia. (Wang et al. 1994 in Programmatic
EIS/EIR, p. 3.3-26.) Most other studies reported much lower bioaccumulation factors in the
range of 0.3 to 1.6 for fish. (Ebasco 1993 in Programmatic EIS/EIR, p. 3.3-26.) In a study of the
fate of glyphosate that was applied to two hardwood communities in the Oregon coastal forest,
none of the ten Coho salmon fingerlings analyzed had detectable levels of glyphosate or its
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metabolite AMPA despite glyphosate levels in stream water that were detectable for 3 days and
levels in sediment that were detectable throughout the 55 day study period. Levels in
herbivores, carnivores, and omnivores were at or below that in ground cover and litter,
indicating that glyphosate does not bioaccumulate in higher tropic levels. (Schuette 1998.)
According to the U.S. EPA’s classification, glyphosate has a low potential to bioaccumulate
(BAF <100). (U.S. EPA 09/93.) In one metabolism study with rats, most of the glyphosate
administered (97.5 percent) was excreted in urine and feces as the parent compound; less than
one percent of the absorbed dose remained in tissues and organs, primarily in bone tissue.
Aminomethylphosphonic acid was the only metabolite excreted. A second study using rats
showed that very little glyphosate reaches bone marrow, that it is rapidly eliminated from bone
marrow, and that it is even more rapidly eliminated from plasma. (U.S. EPA 09/93.)

Studies with a variety of plants indicate that uptake of glyphosate or AMPA from soil is
limited but depending upon soil type and conditions, some root uptake may occur. The major
pathway for uptake of glyphosate in plants is through the foliage. Surfactants increase the
diffusion rate across the plasma membrane, but not the cuticle. Glyphosate is not metabolized
by plants. The absorbed compound is readily translocated throughout the plant. (HSDB 04/05;
Schuette 1998, Programmatic EIS/EIR; U.S. EPA 09/93.)

Adjuvants. Registration requirements for adjuvants are not as stringent as those for
herbicides. The long-term fates of most adjuvants in the environment are largely unknown,
partially because of the lack of long-term monitoring data, but also because the ingredients in
most adjuvants are not disclosed. Most adjuvant labels or MSDSs include information on the
adjuvants’ physical properties (boiling and freezing points, specific gravity, evaporation point,
etc.), fire and explosion hazard data, reactivity data, and health hazard data. Unlike herbicide
labels however, most adjuvant labels or MSDSs do not include information of the compounds’
behavior or fates in the environment. Most adjuvant labels and MSDSs also do not describe the
adjuvants’ mechanisms of action, rates of metabolism within plants, rates of photodegradation
or microbial degradation, persistence in the environment, potential for volatilization, or
potential mobility in soil or water. It is known that many surfactants adsorb to soil particles. (Tu
et al. 2001.)

3.2 Efficacy and Application Challenges

Comparison studies of the efficacy of imazapyr relative to glyphosate for the control of
non-native Spartina have been conducted by a number of researchers. (Patten 2002.) Some
studies included a combination of methods such as herbicide/smothering or herbicide/cutting.
In most cases, the use of imazapyr was found superior to glyphosate, which exhibited variable
control. (Pritchard 1994, Shaw and Gosling 1995, Garnett et al. 1992, Kilbride et al. 1995, all in
Patten 2002; Patten and Stenvall 20024%; Patten 2002; Patten 03/05.)

4 Patten K, Stenvall C, Managing Spartina with glyphosate and imazapyr, Proceedings of the
11t International Conference on Aquatic Invasive Species, Alexandria, VA, February 25-28, 2002.

17



Exhibit 5: Addendum to the ISP FEIS/R

LESON & ASSOCIATES
Use of Imazapyr Herbicide to Control Invasive Spartina in the San Francisco Estuary
Water Quality, Biological Resources, and Human Health and Safety

Imazapyr. Imazapyr has been shown to be effective for control of emerged aquatic
nuisance vegetation such common reed (Phragmites australis), torpedo grass (Panicum repens),
giant reed (Arundo donax), and others. (Entrix 10/03, pp. 25/26; BASF 2004.) Studies with
imazapyr for control of non-native Spartina have to date almost exclusively been conducted in
Washington State. In an estuarine environment, imazapyr has a number of advantages over the
use of glyphosate. First, the quicker drying time (the manufacturer claims rainfastness after 1
hour) of this herbicide facilitates a higher uptake of the active ingredient into the plants before
the next tidal inundation washes the formulation off the leaves. Second, unlike glyphosate,
imazapyr does not adsorb to particles and therefore remains active until either absorbed by the
plant or washed off. Third, according to the manufacturer, the imazapyr formulation can be
mixed with brackish or salt water, eliminating the need for access to freshwater. (Birk 04/05.)
Fourth, imazapyr herbicide requires considerably lower spray volumes than glyphosate,
therefore allowing larger areas to be treated before refilling of tanks becomes necessary. Finally,
imazapyr applications in estuarine environments have been demonstrated to be more cost-
effective than applications of glyphosate formulations. (Patten 03/05.)

Experiences with Imazapyr from Washington State

Experiences in Washington State regarding the efficacy of imazapyr/surfactant mixtures
have been mixed and unpredictable ranging from 100% control to complete failure in a number
of experiments conducted during April 1 through October 31. Efficacy did not seem to be
correlated to the time of year and failures were most often related to the inherently more
uneven hand applications; aerial applications with helicopters were more uniform and typically
resulted in better control. In general, efficacy was affected by the time of application, spray
volume, the choice of surfactant, and water quality, i.e. salinity and suspended sediment.
Efficacy was positively correlated with drying time and the quality of the canopy resulting in
direct contact with foliage, i.e. clean green leaves that are actively photosynthesizing; no
sediment/mud on leaves; no epiphytic® (algae/eelgrass) or fungi growth on leaves. A low
volume application in summer onto Spartina infested by fungi showed low efficacy. Further,
interference appears to occur with applications onto dense seed heads, requiring higher volume
applications for adequate control. Aerial application on 500 to 600 acres in Willapa Bay in late
August/early September 2004 (i.e. during late anthesis®') resulted in 100% control (as observed
in spring 2005). (Information regarding application rates, type of surfactant, time of day, and
weather conditions were not available.) Application during early morning hours (about 5 a.m.)
appeared to be preferable to mid-day applications. An additional benefit of application in the
early morning hours is that it is typically not windy that time of day. Further, early morning
dew on the Spartina canopy slightly prolongs the drying time of Habitat®, which appears to be
desirable. (Patten 03/05; Patten 03/04.) Too-quick drying during the heat of the day could result

50 The term epiphyte refers to a plant that grows on another plant; usually restricted to deriving only
support and not nutrition.

51 Anthesis is the period during which a flower is fully open and functional.
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in crystallization of the compound, which makes it inaccessible for uptake by plants.
(Hammond 200152.)

The most recent assessment from Washington State for Willapa Bay regarding control of
Spartina with Habitat® evaluated varying spray volumes, surfactants, methods of application
(aerial and boom spraying). Although a preliminary analysis showed considerable variability
between sites, they were still considerably better any previous efforts. (Patten 04/055%.)
Numerous large control sites achieved 90 to 95% control or better. The author concluded that
timing of spraying may be significant and suggested a preferable time window of late June to
early August. The cited reasons for this timing were better (presumably shorter) dry time, large
canopy to root mass, better translocation to the root system, better spray conditions, or cleaner
canopies. Because the findings of this study are preliminary and the reasons for the preferred
window of time somewhat speculative, it would be futile to try to extrapolate the timing to the
San Francisco Estuary. However, the author emphasizes that it would be preferable to avoid
viable seed production.

Canopy quality and integrity appeared to be very important. Areas where Spartina had
a large leaf area to root mass (mid season) and where plants had not been previously
compromised, i.e. had an undisturbed canopy, showed the best control results. These results
suggest that pre-treatment crushing is not desirable for best results. One rather disappointing
result of the study was the poor performance of hand applications with booms and hand guns.
The manufacturer of Habitat®suggested that this might have been due to poor boom design,
calibration and tuning and suggested the replacement of regular nozzles with so-called “air-
induction drop tips” made from stainless steel. Finally, the author suggested that the drying
time for Habitat® was longer than anticipated, leaving a narrower window than expected. The
author concluded the use of imazapyr applied under the right conditions would deliver the
level of control needed to eradicate Spartina.

Mixtures of Imazapyr and Glyphosate Herbicides

One shortcoming of imazapyr is that it is much slower acting than glyphosate; it takes
several weeks to months for damages to plants to become visible. Because of the slower action
of imazapyr, it is more difficult to evaluate the completeness of treatments, especially with
many of the applications in the San Francisco Estuary occurring late in the season fairly close to
the time of senescence of Spartina and natural browning. This precludes a follow-up application
on spots or areas that were missed with the first application in the same year due to the rather
short window of time available for treatment of many locations in the San Francisco Estuary (in
2005, July 1st through September 1st, at most locations). (Grijalva 04/0554.) For example,

52 Hammond MER, The experimental control of Spartina anglica and Spartina x townsendii in estuarine
saltmarsh, Ph.D. Thesis, University of Ulster, Northern Ireland, 2001.

5 Kim Patten, WSU Long Beach, Spartina Regrowth in Willapa Bay in April 2005 as a Function of
Herbicide Treatment in 2004, Preliminary Conclusions, via email, April 6, 2005.

5 Personal communication with Erik Grijalva, Invasive Spartina Project, Berkeley, CA, April 2005.
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treatment of breeding sites of the endangered California clapper rail is controlled by the
breeding season, which extends from April 15t through September 1st. (Olofson 03/05.)
However, imazapyr could potentially be used in combination with glyphosate, which acts
considerably faster and would serve as a brown-down indicator. The addition of glyphosate to
the tank mix would allow for better evaluation because brown-down would occur within two
weeks, allowing for an additional application to be performed on those areas not treated
properly. (Patten 03/05; Kerr 04/05%.)

Glyphosate. Glyphosate herbicides are effective for the control of a large number of
emerged aquatic nuisance species. (Monsanto 2000; Dow AgroSciences 2001.) However, its use
for control of non-native Spartina is hindered by a number of factors that limit its efficacy under
the tidal conditions inherent to estuaries. It requires long drying times (minimum 6 hours),
which limits its efficacy in estuaries, where the diurnal tidal cycles leave only a small window of
time for application, drying, and absorption by the plants. (Patten 03/05.) Glyphosate’s efficacy
is further reduced because it readily adsorbs to sediment particles. (See Section 3.1.6.) Once
bound, it is inactivated and its herbicidal effect is lost. Because tidal waters often contain a high
amount of suspended sediment, vegetation inundated by tides, such as Spartina, is frequently
coated with a thin layer of sediment particles, which drastically reduces the efficacy of
glyphosate herbicide applications. Consequently, even at high application rates of more than
16 1b glyphosate a.e./acre, the efficacy of glyphosate is highly variable and depends on local
conditions. On non-native Spartina, glyphosate has been found to work most effectively when
applied with the non-ionic surfactant R-11¢. (Patten 03/05.) The surfactant R-11® is currently
not approved in California for marine use and, as mentioned before, the ISP does not intend to
use R-11® or other nonyl-phenol surfactants.

The use of glyphosate in an estuarine environment is further complicated because its
application requires mixing of the formulation with freshwater. Glyphosate formulations can
not be mixed with brackish or salt water. (Patten 03/05.) Because in many of the areas of the San
Francisco Estuary freshwater is not readily available in the quantities required for glyphosate
application, transportation of large quantities of freshwater to the sites would be required.
(Olofson 03/05.) Aerial applications of glyphosate, carried out by helicopters, are also
hampered because of the large spray volumes necessary to achieve satisfactory efficacy, which
necessitate frequent refilling of the comparatively small tanks of helicopters. (Patten 03/05;

Birk 04/05.)

5 Personal communication with Drew Kerr, Invasive Spartina Project, Berkeley, CA, May 2005.
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4. ECOLOGICAL RISK ASSESSMENT SUMMARY

The following sections address the potential ecological risks associated with the use of
imazapyr and glyphosate herbicides for control of non-native Spartina in the San Francisco
Estuary. The evaluation is based on a number of documents and risk assessments that evaluated
the potential benefits and risks associated with the use of herbicides to control estuarine
nuisance vegetation. The 2003 Programmatic EIS/EIR contains such an evaluation specifically
for the San Francisco Estuary for control of non-native Spartina with glyphosate herbicides.
Additional information can be found in the 1993 Final Environmental Impact Statement from
Washington State (“WS FEIS 1993”) on the use of glyphosate for noxious emergent plant
management. (WS FEIS 11/935.) The 2003 Entrix report, a standard ecological risk assessment,
evaluated the use of imazapyr for control of non-native, invasive Spartina for the estuarine
environment in Washington State.

The sections below describe the ecological receptors and species of concern in the San
Francisco Estuary, estimate environmental exposure concentrations for imazapyr applications,
and a summarize and update the key information from the above-mentioned reports.

41 Ecological Receptors and Conceptual Exposure Model

The San Francisco Estuary provides a number of different salt marsh habitats, including
tidal brackish marsh, estuarine beaches, brackish lagoons, and tidal salt marsh pans and ponds.
These habitats support diverse, species-rich intertidal and subtidal ecological communities,
including several species of concern’’, some listed as threatened or endangered> (“T&E”) under

5% Washington State, Departments of Agriculture, Ecology, Natural Resources, Fisheries, and Wildlife and
Noxious Weed Control Board, Environmental Impact Statement - Final, Noxious Emergent Plant
Management, Element E: Environmental Effects of Glyphosate, Section 1, November 1993.

57 The term species of concern refers to a plant or animal with declining populations and believed in need of
concentrated conservation actions such as research, monitoring, or removal of threats, and given legal
classification as threatened or endangered. The U.S. Fish and Wildlife Service (“U.S. FWS”), defines this
term as those species listed in the periodic Birds of Conservation Concern report published by the
Division of Migratory Bird Management; priority migratory bird species documented in the North
American Waterbird Conservation Plan, United States Shorebird Conservation Plan, and Partners in
Flight Bird Conservation Plan; species or populations of waterfowl identified as high, or moderately high,
continental priority in the North American Waterfowl Management Plan; listed threatened and
endangered bird species under 50 CFR 17.11; and Migratory Bird Treaty Act (“MBTA”) listed game birds
below desired population sizes.

5 The term threatened and endangered species refers to those species that have been given special legal and
protective designations by Federal or State government resource agencies. A Federally endangered
species under the provisions of the ESA is in danger of extinction throughout all or a significant portion
of its range. A Federally threatened species is likely to become an endangered species in the foreseeable
future.
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the Federal Endangered Species Act (“ESA”). (For a detailed description of the biological
communities and a listing of the species of concern, consult the Programmatic EIS/EIR,

Section 3.3.1 and Appx. F.) Estuarine plants, algae, animals, and bacteria are all potential
receptors for exposure to herbicides. Humans are also potential receptors, particularly herbicide
applicators, but also people who live or work close to marshland or who use treated marshland
for recreation.

Application of imazapyr or mixtures of imazapyr with glyphosate would be executed in
the same way as glyphosate applications, i.e. herbicide mixtures will be sprayed onto target
plant surfaces, either manually with backpack sprayers or with spray equipment mounted on
trucks, amphibious tracked vehicles, boats, or helicopters (broadcast sprayers or directed spray
apparatus). In certain situations, pastes may be applied to cut stems or solutions wiped or
painted on foliage. (See Section 3.1.5.) Therefore, the ecological receptors and species of concern
occurring in the marshes in the San Francisco Estuary where imazapyr would be used to control
non-native Spartina are identical to those identified in the Programmatic EIS/EIR for the
application of glyphosate. (See Programmatic EIS/EIR, Section 3.3.1)

For effects on a biological receptor to occur, a receptor, exposure to the chemical of
concern, and a complete exposure pathway must be present. An exposure pathway is only
considered complete when all four of the following elements are present: a project-related
source of the chemical; a mechanism of release of the chemical from the source to the
environment; a mechanism of transport of the chemical to the ecological receptor; and a route
by which the receptor is exposed to the chemical.

Based on the known properties of the herbicide glyphosate, potential methods of its
application, and the ecological characteristics of the Estuary, the Programmatic EIS/EIR
developed a conceptual exposure model and identified likely receptors and exposure pathways.
Focusing on acute effects, this model included identification of primary and secondary
herbicide sources, release mechanisms, exposure media, exposure routes, and potential
ecological receptors. The Programmatic EIS/EIR identified potentially complete exposure
pathways for non-target aquatic plants and algae through direct uptake, to aquatic and benthic
invertebrates and fish through uptake and ingestion, and to birds and mammals through
ingestion. Other pathways were deemed minor, insignificant, or incomplete. The inhalation
pathway for birds and mammals was not quantified due to a lack of sufficient data. Exposure
pathways for humans, primarily applicators, were deemed insignificant or incomplete.
(Programmatic EIS/EIR, pp. 3.3-25-3.3-27, Figure 3.3-2.)

The 2003 Entrix report developed a similar conceptual model for imazapyr herbicide
impacts to aquatic and terrestrial receptors in Willapa Bay and Padilla Bay in Washington State,
accounting for the sources, pathways, and routes of exposure to the different trophic levels. In
addition to the above identified, this model deemed the following pathways to be complete and
potentially significant: for aquatic and benthic invertebrates and fish through respiration, for
birds and marine mammals through dermal exposure and inhalation, and for terrestrial
mammals through inhalation. The model also evaluated terrestrial invertebrates, reptiles, and
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amphibians and identified complete pathways through direct contact/dermal exposure,
inhalation, and ingestion. (Entrix 10/03, pp. 20-22, Figures 2.3 and 2.4.)

4.2 Estimated Environmental Exposure Concentrations for Imazapyr Applications

For purposes of the estimating environmental exposure concentrations (“EECs”), the
2003 Entrix report assumed the use of the herbicide Arsenal®, which is identical with Habitat®.
The following assumptions were used:

— Application of Arsenal® at the maximum concentration recommended for aquatic
use. i.e. 6 pints Arsenal®/acre, equivalent to 1.5 pounds active ingredient (acid
equivalents) per acre.

— A maximum of one application time per year until eradication is complete.

— Dilution of the neat herbicide formulation with water and surfactant prior to
application. Surfactant added to the herbicide/water mixture to yield 1% of the
spray solution applied.

— Three methods of herbicide application were considered including 1) hand-held
sprayer unit, 2) boom-mounted sprayer, and 3) aerial sprayer. Spray volumes by
these methods can vary from a minimum of 2.5 gal/acre to a maximum of 80
gal/acre.

— Herbicide quantity (mass) per unit area did not vary by spray volume
(i.e. 1.5 1b/acre) but surfactant rates will, as they are normalized to spray volume.
Ultra-low to low spray volumes of 2.5 to 20 gal/acre were assumed to be the most
likely application rates, but risks of surfactant toxicity are also considered with high
volume applications up to 80 gal/acre.

With the exception of the maximum spray volume, all assumptions apply equally for the
Spartina Control Program. The most likely spray volumes to be used in the Estuary are
100 gal/acre for high-volume handheld applications, 20 gal/acre for low-volume directed
sprayers, and 10-30 gal/acre for aerial applications with helicopters. (See Section 3.1.5.) (The
active ingredient is applied at up to 1.5 Ib/acre.) The higher maximum spray volume for
manual applications results in higher application of surfactants than assumed in the 2003 Entrix
report because surfactant rates are normalized to the spray volume not to the active ingredient.
The resulting surfactant concentration is therefore 25%35° higher than assumed in the 2003 Entrix
report.

4.21 Concentrations in Water
Herbicide mixtures may be indirectly released to surface waters by the incoming tide

after application. (In the San Francisco Estuary rainfall is unlikely to occur during the planned
application season.) The resulting concentrations in water will be affected by canopy

59100/80 = 1.25.
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interception of the applied herbicide, uptake into the plants, uptake into the root zone, and
aerial drift.

The 2003 Entrix report developed a theoretical scenario for concentrations of imazapyr
in water after application of 1.5 Ib a.e./acre, the manufacturer-recommended maximum
application rate, assuming no adsorption to sediment or vegetation, no foliar interception, and
complete solubility of the herbicide in an incoming tide. This scenario is equivalent to
application of the herbicide directly onto the sediment. Inset Figure 1 shows the modeled
imazapyr concentrations in water above a unit area, which decrease exponentially with
increasing depth.

Figure 1: Estimated water concentrations of imazapyr in tidal waters
with no canopy interception and an application rate of 1.5 1b a.e./acre
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From Entrix 10/03, p. 60; 1 m equals roughly 3 feet

One recent persistence study in Washington State investigated whether the herbicide
would concentrate in the leading edge of the incoming tide as it moves over the treated site and
continually dissolves herbicide from the sediment. Imazapyr herbicide was applied at the
manufacturer-recommended rate of 1.5 Ib a.e./acre directly onto a non-vegetated mudflat at the
upper intertidal zone. The site was roughly 30 by 33 meters in size and aligned parallel with the
tidal wetting front. Three hours later immediately following the first tidal flush, samples were
collected 0.3, 6, and 60 meters beyond the upper tidal end of the site immediately after the
incoming tide had reached the respective sampling site. The highest imazapyr concentration of
5.77 mga.e./L, or 0.055 mg a.e./in? ¢, was measured in 1-inch deep water at the upper tidal
edge of the site. The average maximum concentration from three samples was 3.4 mg/L.
(Patten 2003; Entrix 10/03, p. 61.) Thus, compared to the original application of 1.5 1b a.e./acre,
or 0.11 mg a.e. onto a unit area of 1 square inch¢!, the measured concentration in the first flush
water was lower by a factor of about 262 and considerably lower than the theoretical worst-case
calculations by the 2003 Entrix report. The concentration of imazapyr in water collected 6 and

6 (3.4 mg/L) / (61in3/L) = 0.055 mg/in>
61 (1.5 1b/acre) x (453,592 mg/1b) / (6,272,640 in2/acre)= 0.108 mg/in?
62 (0.055 mg/in%) / (0.11 mg/in?) = 1.94/in
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60 meters outside the treatment area was 99% lower than the maximum water concentration
collected at the edge of the treatment area. The highest measured imazapyr concentration in
sediment was 5.4 mg a.e./kg. No residues could be detected in water and sediment after 40 and
400 hours, respectively, with half-lives of <0.5 and 1.6 days, respectively, suggesting rapid
dissipation of imazapyr from both water and sediment.

Under typical treatment conditions, the Spartina canopy will intercept the sprayed
herbicide and will thus titrate the herbicide into the rising water. For aerial applications, the
highest concentration of applied herbicide will be deposited in the upper canopy and hence will
not be solubilized until the rising water reaches that portion of the canopy. In many cases, the
upper portion of the canopy will not be inundated by the tide but will stay above it, thereby
preventing the tide from washing off the herbicide. High interception rates reduce the potential
exposure to aquatic receptors. In addition, a portion of the herbicide will be absorbed into the
plant before the incoming tide washes of the remainder.

Foliar interception from canopies of a variety of grasses has been estimated at about
40%. (Entrix 10/03, p. 59.) Empirical results from Washington State indicate a canopy
interception rate of about 75% for Spartina meadows. (Patten 2003.) The same foliar interception
rate has been proposed by the manufacturer of imazapyr herbicides. (Mangels & Ritter 2000 in
Entrix 10/03, p. 59.) For small stands of Spartina, which would be treated by manual
application, the 40% interception value is more realistic because of the greater amount of edge
around the clones. For Spartina meadows, which would be treated by aerial application, higher
interception rates are more likely. Studies in grasslands suggest that 10% of the applied
herbicide will drift off-site (or onto non-target vegetation) and the remaining 50% will be
deposited onto the underlying sediment and be solubilized with the first flush. (USES 2.0 1998
in Entrix 10/03, p. 60.)

The San Francisco Estuary is home to a variety of different types of tidal marshes, some
with hydraulic regimes that conceivably could result in higher imazapyr concentrations in
water than modeled in the 2003 Entrix report. Of particular concern are tidal areas with little or
slow exchange of water with the tides. Some marshes may be subject to slow laminar-flow
flooding with the incoming tide rather than having turbulent conditions that allow for mixing
of the herbicide in the water column. At such sites, the tides flood the channels and from there
slowly “bleed” into the vegetated areas rather than proceeding in a lateral uniform flow up the
shore. The leading edge of water, which slowly flows into the marsh, dissolves the herbicide
from the sediment, potentially resulting in ever increasing concentrations as it continues to flow
further inland. These types of marshes include, e.g., diked marsh restoration areas with small
outlets connecting to the Bay or the inner areas of larger marshes.

The ISP evaluated all marshes in the San Francisco Estuary to be treated with herbicide
to identify such conditions. Most Spartina-infested marshes that will become inundated by tidal
water following imazapyr application have a multitude of channels that will transport water
directly from the San Francisco Bay before overbanking and causing lateral flow across the
marsh. In such marshes, the channels themselves will not be treated. The maximum distance of
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lateral flow across a treated area before combining with flow from another direction was
estimated to be about 100 feet.

To model the hypothetical worst-case concentration of herbicide that might arise in such
a scenario, the following assumptions were made:

— Uniform spraying of herbicide across the entire marsh surface (but not in channels)
at the highest manufacturer-recommended application rate of 1.5 Ib imazapyr
a.e./acre;

— 40% interception of herbicide by plant canopy and 60% of herbicide reaching
sediment;

— No adsorption of the herbicide to sediment or absorption into vegetation;
— No evaporation of herbicide;
— No dilution through rain or other input of fresh water;

— The incoming tidal water overbanks from a channel and flows laterally across the
surface of the marsh to a maximum distance of 100 feet;

— Herbicide from a unit area sediment (square foot) is instantly fully dissolved and
mixed in the first unit volume (cubic foot) of water that flows through; and

— The entire amount of active herbicide that was deposited onto the sediment
dissolves in the leading edge of the incoming tide water.

Based on these conservative assumptions and disregarding potential losses due to spray
drift, the highest potential concentration in the leading unit volume of water of 1 cubic foot was
determined to be 33.1 mg imazapyr a.e. /L. (See attached Table A-4.)

4.2.2 Residues in Plants and Animals

As discussed above (see Section 4.2.1), canopy interception rates will affect both plant
residues and potential concentrations of the herbicide in water. Following application of
1 pound herbicide per acre onto tall grasses, maximum residual concentrations in plants were
modeled at 87 mg/kg plant. A field experiment with the same application rate determined
maximum concentrations of 29 mg/kg plant. (Hoerger & Kenaga 1972; Fletcher et al. 1984; both
in Entrix 10/03, p. 60.) Extrapolated to the higher application rate proposed for Spartina control,
1.5 Ib/acre, the estimated residue concentration shortly after spraying would be 130.5 mg/kg®
based on the modeled residues and 43.5 mg/kg¢* based on the empirical results. No field data
for Spartina control were available for review to compare against these residue estimates.

63 87 mg/kg x 1.5 =130.5 mg/kg
629 mg/kg x 1.5 =43.5 mg/kg
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Imazapyr residues in plant material will change over time and this degradation has not
been empirically determined in treated Spartina.

4.2.3 Sediment Concentrations

As previously mentioned (see Section 3.1.7), limited testing of marine sediment
concentrations following imazapyr treatment of bare mudflats has been conducted in
Washington State. (Patten 2003). The highest value measured in sediment was 5.7 mg/kg. This
value is highly conservative in that the measurements were taken after the first tidal wash, and
hence represent “acute” sediment conditions as opposed to more chronic sediment conditions.
The half-life in estuarine sediments will be substantially less than the 12.2-day half-life
determined in freshwater pond because of the tidal exchange of waters. However, due to the
non-static nature of the estuarine environment, true sediment half-lives cannot be determined
from empirical measurements and “dissipation” rates more accurately describe what is actually
occurring in the estuarine environment — capturing the multiple mechanisms that reduce
sediment concentrations over time. The dissipation study from Washington State (see Section
4.2.1) suggests complete dissipation of the herbicide from sediment in 400 hours with a half-life
of 1.6 days. Approximately one fourth of the maximum detected concentration of imazapyr in
sediment, 5.7 mg/kg, was detectable after roughly 4 days post treatment. The study found no
persistence of imazapyr (or glyphosate) in sediment after application onto beds of Japanese
eelgrass (Zostera japonica) and pickleweed. The treated beds were reinfested within 1 year of
treatment. (Patten 2003.)

4.3 Toxicity of Imazapyr and Glyphosate

Categories for the qualitative ranking of ecotoxicity to mammals, birds, bees, and
aquatic organisms based on LDsy or LCso values according to U.S. EPA’s criteria for ecological
risk assessments are summarized in attached Tables A-5, A-6, and A-7.95 This ranking scheme
allows a qualitative comparison of the toxicity of the active ingredient and its formulations
amongst species.

The following sections provide brief summaries of the acute, subchronic, and chronic
toxicity%® of imazapyr and glyphosate herbicides to mammals, birds, insects, reptiles and

5 No ecotoxicity categories exist for terrestrial reptiles and amphibians.

6 Acute toxicity describes adverse effects occurring within a short time of administration of a single dose
of a chemical, or immediately following short or continuous exposure, or multiple doses (typically 96 or
24 hours or less). Subchronic and chronic toxicity describe adverse effects occurring as a result of repeated
daily dosing of a chemical, or exposure to the chemical, for part of an organism’s lifespan (subchronic
usually less than 10%; chronic usually more than 50%).

Various ways of measuring toxicity have been developed. Results from toxicity studies are typically
provided as so-called effect concentrations (“EC”) causing a certain percentage inhibition of a process.
The most common scales used to determine the degree of toxicity include the median lethal dose (“LDs")
and the median lethal concentration (“LCs¢”) at which 50% death of the test organisms have occurred.
The LDsp describes the acute oral or dermal toxicity while the LCso describes acute inhalation toxicity. The
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amphibians, fish, aquatic invertebrates, and non-target vegetation. The sections further identify
data gaps. Most studies regarding toxicity have been conducted with the parent compounds.
Attached Tables A-8 through A-12 summarize toxicity studies for imazapyr and its
isopropylamine salt from the 2003 Entrix and 2004 SERA reports and from the literature. Data
on the toxicity of formulations as well as mixes with surfactants are provided where available.

Few studies have been conducted evaluating the combined toxicity of herbicide
mixtures. A review of the literature shows that the occurrence of synergistic effects resulting
from the application of herbicide mixtures is rare. For example, one comprehensive study of
more than 400 combinations of pesticides showed that most had only additive or less than
additive effects. Other studies also demonstrated the lack of synergistic effects. (Crockett
03/05¢7.) The toxicity of imazapyr/glyphosate mixtures potentially used for control of non-
native Spartina can therefore be derived from the individual compounds as described below.

4.3.1 Mammals

Imazapyr. Attached Table A-8 summarizes studies on the acute and subchronic
mammalian toxicity to imazapyr and imazapyr isopropylamine salt (technical compounds and
diluted solution). Based on U.S. EPA ecotoxicity criteria (see attached Table A-5), imazapyr is
considered practically non-toxic to mammals via oral or dermal administration based on acute
and chronic studies conducted with a variety of mammalian species. For example, the reported
acute oral LDs for technical imazapyr in rats is greater than 5,000 mg/kg body weight (“b.w.”)
Rats were observed to rapidly excrete imazapyr in urine and feces with no residues detected in
their liver, kidney, muscle, fat, or blood. No observable effect was noted for any formulation of
imazapyr administered dermally. Very few inhalatory studies were performed and none tested
concentrations high enough to determine acute toxicity. Inhalatory effects at sublethal
concentrations (<5 mg/L aerosol) were found with technical grade imazapyr resulting in slight

former is expressed in milligram per kilogram (“mg/kg”) body weight (“b.w.”) while the latter is
expressed as parts per million (“ppm”) for gases and milligrams per cubic meter (“mg/m?®”) of air or
milligrams per liter (“mg/L"”) of water for liquids. The more toxic the chemical, the smaller the LDs, or
LCso. Other important toxicity values are the lowest-observable effect level (“LOEL”) or concentration
(“LOEC”) and the no-observable effect level (“NOEL”) or concentration (“NOEC”).

67 Attachment ‘synergy-monsanto.doc’ to email from Ron Crocket, Monsanto, to Peggy Olofson, Invasive
Spartina Project, Re: Aquamaster/imazapyr manuscript, March 29, 2005.

Various ways of measuring toxicity have been developed. Results from toxicity studies are typically
provided as so-called effect concentrations (“EC”) causing a certain percentage inhibition of a process.
The most common scales used to determine the degree of toxicity include the median lethal dose (“LDs")
and the median lethal concentration (“LCs¢”) at which 50% death of the test organisms have occurred.
The LDsp describes the acute oral or dermal toxicity while the LCso describes acute inhalation toxicity. The
former is expressed in milligram per kilogram (“mg/kg”) body weight (“b.w.”) while the latter is
expressed as parts per million (“ppm”) for gases and milligrams per cubic meter (“mg/m3”) of air or
milligrams per liter (“mg/L"”) of water for liquids. The more toxic the chemical, the smaller the LDs, or
LCso. Other important toxicity values are the lowest-observable effect level (“LOEL”) or concentration
(“LOEC”) and the no-observable effect level (“NOEL”) or concentration (“NOEC”).
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nasal discharge and congested lungs. Technical grade imazapyr and imazapyr isopropylamine
salt were both found to be moderately irritating to rabbit eyes with complete recovery within
7 days. Technical grade imazapyr is reported as mildly irritating to rabbit skin. Commercial
formulations of imazapyr appear to be less toxic via dermal exposure. (Entrix 10/03, p. 42-44.)
Chronic and subchronic toxicity studies with imazapyr with dogs, mice, and rats did not
suggest any systemic toxic or carcinogenic effects. (SERA 12/04.)

Glyphosate. Glyphosate has been determined to be practically non-toxic to mammals by
ingestion with an acute oral LDsp of 5,600 mg/kg b.w. in rats. The no-observed-effect level
(“NOEL”) for chronic toxicity to rats has been determined at 362 mg/kg b.w./day (8,000 ppm)
and LOEL at 940 mg/kg b.w./day (20,000 ppm). (USDA 1981; Monsanto 1983; both in WS FEIS
11/03.) The reported acute LDsg values for dermal effects range from >5,000 to 7,940 mg/kg for
rabbits. Subchronic oral toxicity studies of glyphosate with rats and dogs indicate that oral does
of up to 2,000 ppm do not significantly affect behavior, survival, or body weight. Laboratory
studies of the chronic effects of glyphosate show that it is slightly to practically non-irritating to
rabbits eyes. No significant reproductive, teratogenic, mutagenic, or carcinogenic effects from
exposure to concentrations of up to 300 ppm were reported in 20-year laboratory studies with
rats, dogs, rabbits, and mice.

4.3.2 Birds

Imazapyr. Only few toxicity studies exist for birds. Attached Table A-9 summarizes
studies on the acute and subchronic toxicity of the imazapyr formulation Arsenal® (identical
with Habitat®) to birds (mallard duck and bobwhite quail). No adverse effects were noted at
imazapyr concentrations of up to 5,000 ppm in the diet. Based on the highest doses tested and
the U.S. EPA ecotoxicity categories (see attached Table A-5), these results suggest that imazapyr
is moderately or less toxic orally to birds. No data exist for the potential toxicity of imazapyr to
shorebirds. (Fletcher 1983a,b,c,d in SERA 2004.) No studies exist on toxicity to raptors or on
preening or inhalation exposure potentials.

Glyphosate. Glyphosate is no more than slightly toxic to birds. Several single-dose acute
oral studies indicate that glyphosate is practically non-toxic to upland birds and only slightly
toxic to waterfowl. (U.S. EPA 09/93.) Dietary exposure to glyphosate concentrations of up to
4,640 ppm diet did not result in mortality or treatment-related effects. Chronic exposure studies
with glyphosate determined a no-observed-effect concentration (“NOEC”) of 1,000 ppm in the
diet. (Heydens 1991 in WS 11/93.)

4.3.3 Insects

Imazapyr. The only studies on the toxicity of imazapyr to insects are provided by
studies with the honey bee. The acute contact LDso for honey bees has been determined to be
greater than 0.1 mg/bee. (Gagne et al. 1991 in Entrix 10/03, p. 45.) The oral LDsp was determined
to be greater than 0.1 mg/bee. (Atkins & Kellum 1983 in SERA 12/04, p. 4-2.) These values
indicate that imazapyr is practically non-toxic to insects according to the U.S. EPA ecotoxicity
criteria. (See attached Table A-7.) Based on an average weight of 0.093 g/bee and making the
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very conservative assumption of 100% absorption, this would correspond to a lethal dose
greater than 1,000 mg/kg b.w.%8 (SERA 2004, p. 4-2.)

Glyphosate. Glyphosate has been found to be practically nontoxic to honeybees.
(U.S. EPA 09/93.) No other information on insects was found in the literature.

434 Reptiles and Amphibians

Imazapyr. Neither the published literature nor the files submitted by the applicant for
registration of imazapyr (evaluated in 2004 SERA report) contain information regarding the
toxicity of imazapyr to reptiles and amphibians,

Glyphosate. Pure glyphosate has been determined to be not very toxic to tadpoles of
some Australian species. (Hileman 2005¢.) However, a recent study in a simulated pond
ecosystem found that a glyphosate formulation for terrestrial use, Roundup®, caused a 70%
decline in amphibian biodiversity and an 86% decline in the total mass of tadpoles. While the
tadpoles of one frog species were completely unaffected, tadpoles of three other frogs and toads
were completely or nearly completely eliminated. (Relya 200470.) Previous research had
determined that the lethal ingredient in Roundup® was the cationic surfactant contained in the
formulation, polyethoxylated tallowamine. (Hileman 2005.) However, due to their intolerance
of saline conditions, amphibians are not expected in estuarine marshes.

4.3.5 Fish

Imazapyr. Attached Table A-10 summarizes toxicity studies for fish from the literature.
As detailed in both the 2003 Entrix and 2004 SERA reports, a number of standard bioassays
submitted to the U.S. EPA in support of the registration of imazapyr indicate very low toxicity
to fish with 96-hr LCso values greater than 100 mg/L in most studies. According to U.S. EPA’s
ecotoxicity classification for aquatic organisms (see Table A-6), these values classify imazapyr as
practically non-toxic, the lowest category for addressing acute risk to aquatic organisms from
use of chemicals. (U.S. EPA 04/05™.) A recent study suggests that both Habitat® and Rodeo®
have relatively low toxicity to juvenile rainbow trout. The LCsy determined for Arsenal®

68 (0.1 mg imazapyr/bee) / (0.000093 kg b.w./bee) = 1,075 mg/kg b.w.

6 Hileman B, Common Herbicide Kills Tadpoles, Chemical & Engineering News, vol. 83, no. 15, p. 11,
2005.

70 Relya RA, The lethal impact of Roundup® on aquatic and terrestrial amphibians, Ecological
Applications, 2005, vol. 15, p. 618, 2005.

71 U.S. Environmental Protection Agency, Technical Overview of Ecological Risk Assessment, Analysis
Phase: Ecological Effects Characterization, Ecotoxicity Categories for Terrestrial and Aquatic Organisms;
http:/ /www.epa.gov/oppefedl/ecorisk_ders/toera_analysis_eco.htm#Ecotox, accessed April 2, 2005.
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(a terrestrial formulation identical to Habitat® that did not contain any surfactants) was
determined at 22,305 mg imazapyr a.e./L. (King et al. 200472.)

One study reported much lower 96-hr LCs values of 4.7 mg/L for Nile tilapia (Tilapia
nilotica) and 2.7 mg/L for silver barb (Barbus genionotus). (Supamataya et al. 1981 in SERA
10/04.) Although the herbicide used was not specified, it is likely that a formulation was used
rather than the technical grade active ingredient. Historically imazapyr herbicides contained
surfactants and a formulation that removed the surfactant was only developed in 1992. (Birk
04/05.) The use of an herbicide containing surfactants might explain the considerably lower
LCso values. (See Section 4.4.2.) The 2004 SERA report used the lowest LCso value from this
study, 2.7 mg/L, for their risk assessment despite some reservations about the study due to the
fact that they only had access to its abstract and because the species studied were not native to
the U.S. Nevertheless, the 2004 SERA report assumed that, even though the study was not well
documented, the response of these apparently sensitive species may well encompass the
response of other sensitive species native to the U.S. (SERA 12/04, p. 4-22.) This conclusion is
supported by a study that examined the comparative sensitivity of eight ESA-listed fish species
to standard test organisms exposed to five different pesticides or metals in order to validate the
use of surrogate species as a predictive tool in toxicological assessments. Based on their
findings, the authors concluded that a safety factor of two would provide a conservative
estimate in risk assessments for listed cold-water, warm-water and euryhaline fish species.
(Sappington et al. 2000 in Entrix 10/03, p. 49.)

Glyphosate. Acute toxicity studies with warm and cold water fish indicate that technical
glyphosate is slightly to practically non-toxic. (U.S. EPA 09/93.) Acute toxicity LCsy values were
reported at 86 mg/L in rainbow trout, 120 mg/L in bluegill sunfish, and 168 mg/L in harlequin.
(ExToxNet 04/0573.) Chronic toxicity studies with a terrestrial formulation of glyphosate,
Roundup®, found no significant adverse effects on growth, carcinogenicity, feeding, and
agonistic behavior in rainbow trout fingerlings. The authors concluded that sublethal levels of
the formulation are relatively non-toxic. (Morgan & Kiceniuk 1992 in WS FEIS 11/93.)

A recent study with the aquatic formulation Rodeo® determined the LCs for juvenile
rainbow trout at 782 mg glyphosate a.e./L, two orders of magnitude lower than found for the
imazapyr herbicide Arsenal®, 22,305 mg imazapyr a.e./L. (King et al. 2004.)

72 King K, Curran C, Smith B, Boehm D, Grange K, McAvinchey S, Sowle K, Genther K, Highley R, Schaaf
A, Sykes C, Grassley ], and Grue C, Toxicity of Rodeo® and Arsenal® Tank Mixes to Juvenile Rainbow
Trout, Third International Conference on Invasive Spartina, San Francisco, California, November 8-10,
2004.

73 ExToxNet is a cooperative effort of University of California-Davis, Oregon State University, Michigan
State University, Cornell University, and the University of Idaho, Pesticide Information Profile for
Glyphosate; http:/ /extoxnet.orst.edu/, accessed April 5, 2005.

31



Exhibit 5: Addendum to the ISP FEIS/R

LESON & ASSOCIATES
Use of Imazapyr Herbicide to Control Invasive Spartina in the San Francisco Estuary
Water Quality, Biological Resources, and Human Health and Safety

4.3.6 Aquatic Invertebrates

Imazapyr. Imazapyr has been found to have low toxicity to aquatic invertebrates.
Attached Table A-11 summarizes aquatic invertebrate toxicity to imazapyr and its formulations.
A study where Daphnia was exposed to an imazapyr formulation (~50%) produced a 48-hour
ECso concentration of 373 mg imazapyr a.e./L (Cyanamid 1997 in Entrix 10/03). Another study
with Arsenal® (identical to Habitat®) with an unspecified surfactant determined a 48-hour LCso
of 350 mg Arsenal/L (79.1 mg imazapyr a.e./L) and a NOEC of 180 mg Arsenal/L (40.7 mg
imazapyr a.e./L) for the freshwater flea (Daphnia magna), highlighting the potential effects of
surfactants on aquatic toxicity. Other studies also reported 24 and 48-hour LCsp concentrations
of greater than 100 mg/L, the highest dose tested (“HDT”), in static tests conducted with newly-
hatched Daphnia. (Kintner & Forbis 1983 in SERA 12/04.) Chronic studies reported no adverse
effects on survival, reproduction or growth of 1st generation Daphnia after 7, 14 and 21-days of
exposure at concentrations up to 97.1 mg/L, the HDT. (Manning 1989 in SERA 12/04.). Testing
with other invertebrate species that exhibit alternative life cycles has been limited to survival of
pink shrimp (Penaeus duorarum) and growth studies with the Eastern oyster (Crassostrea
virginica). Acute toxicity to pink shrimp was determined at LCsp >132 mg imazapyr a.e. /L, the
HDT, which was also the NOEC. The ECs for growth inhibition of the Eastern oyster was
established at a concentration greater than 132 mg imazapyr a.e./L, with the NOEC set at this
concentration, the HDT. (Mangels & Ritter 2000 in SERA 12/04.)

A recent microcosm study analyzing benthic macroinvertebrates in a logged pond
confirmed the low toxicity of imazapyr to benthic freshwater macroinvertebrates. The study
analyzed macroinvertebrate community composition, chironomid deformity rate, and
chironomid biomass and concluded that imazapyr did not affect the macroinvertebrate
community at the concentrations tested. The NOEC was determined to be greater than
18.4 mg/L (Fowlkes et al. 2003™)

Glyphosate. Glyphosate is only slightly toxic to practically non-toxic to marine and
freshwater aquatic invertebrates. Acute toxicity for freshwater invertebrates varies from 545 to
780 mg/L for water flea (Daphnia magna), to 673 mg/L for mosquito 4t instar (Anopheles
quadrimaculatus), to 1,157 mg/L for a leech (Nephaelopsis obscura). Acute toxicity for marine
invertebrates were reported as greater than 10 mg/L for Atlantic oyster larvae (Crassostrea
virginica), 281 mg/L for grass shrimp (Palaemonetes vulgaris), and 934 mg/L for fiddler crab
(Uca pugilator). (ExToxNet 04/05; Henry 1992, Heydens 1991; both in SERA 12/04.) The wide
variation in the aquatic toxicity of glyphosate has been attributed to the dilution water,
temperature, formulation, and the amount of suspended sediment in the water. Toxicity
appears to increase with temperature, and decrease with elevated pH and suspended sediment.
(Schuette 1998). Field studies with glyphosate/surfactant applications to tidal mudflat
communities in Washington State indicate low potential for adverse impacts, possibly due to

7 Mark D. Fowlkes, Jerry L. Michael, Thomas L. Crisman, and Joseph P. Prenger, Effects of the Herbicide
Imazapyr on Benthic Macroinvertebrates in a Logged Pond Cypress Dome, Environmental Toxicology
and Chemistry, vol. 22, no. 4, pp. 900-907, 2003.
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inactivation of glyphosate when adsorbed to sediment. (Kubena 1996 in Programmatic EIS/EIR,
p. 3.3-30.)

4.3.7 Non-target Vegetation

Due to their engineered mechanism of action, imazapyr and glyphosate are toxic to a
wide variety of plants. Native salt marsh plants, aquatic macrophytes, and algae in the Estuary
waters where the herbicides would be applied could be negatively affected.

Imazapyr. Attached Table A-12 summarizes the toxicity of technical grade imazapyr and
an herbicide/surfactant mixture to algae and aquatic plants. The most sensitive species appear
to be aquatic macrophytes with reported ECys values for duckweed (Lemna gibba) of 0.013 mg/L
for growth and for common water milfoil (Myriophyllum sibiricum) of 0.013 mg/L for shoot
growth and 0.0079 mg/L for root growth. (Hughes 1987; Roshon et al. 1999; both in SERA
12/04.) Aquatic algae appear to be substantially less sensitive. The most sensitive species of
algae tested was a unicellular green algae (Chlorella emersonii) with an ECso of about 0.2 mg/L
for growth. Some algal species appear to be stimulated rather than inhibited by imazapyr
concentrations of up to 100 mg/L. (Hughes 1987 in SERA 10/04.) Some species of plants,
including aquatic plants, may develop resistance to imazapyr. Bioassays conducted on Chlorella
emersonii indicated that resistant strains may be less sensitive by a factor of 10. (Landstein et al.
1993 in SERA 10/04.) Due to the infrequent application of imazapyr for control of Spartina, i.e.
once per year, development of resistance to imazapyr is unlikely.

Recent studies conducted in Washington State also document the potential for imazapyr
to impact non-target vegetation. Effects of imazapyr application on non-native Japanese
eelgrass were compared to glyphosate application. For both herbicides, the eelgrass canopy was
killed if herbicide was applied on dry eelgrass at low tide with imazapyr being more toxic.
Application onto an eelgrass bed with a thin overlying film of water did not result in toxic
effects. Within 12 months, all treated eelgrass beds had recovered. Persistence was not recorded
in the sediment underlying these eelgrass beds. (Patten 2003.)

Glyphosate. In laboratory growth inhibition studies with submerged aquatic plants no
adverse effects on the growth of elodea (Elodea canadensis), water milfoil (Myriophyllum
spicatum), and wild celery (Valisneria americana) were found with glyphosate concentrations of
up to 1 mg/L. (Forney & David 1981 in WS FEIS 11/93.) These results are consistent with the
findings of other investigators who report that submerged plants are either resistant or affected
only by very high glyphosate concentrations. (Evans 1978; Peverly & Crawford 1975; both in
WS FEIS 11/93.) A large number of studies with a variety of green algae, blue-green algae,
diatoms, and periphyton indicate that glyphosate is slightly toxic to practically non-toxic to
most algae. Most algae tolerate concentrations of glyphosate greater than 1 mg/L.

(WS FEIS11/93.)
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44 Inert Ingredient and Adjuvant Toxicity

The following sections discuss the toxicity of inert ingredients in commercial
formulations and the toxicity of surfactants and colorants used in combination with imazapyr
and glyphosate formulations.

441 Inert Ingredients

As mentioned above, neither Aquamaster® nor Rodeo® contain inert ingredients other
than water. Habitat® contains a small amount of a weak acid, most likely acetic acid. The
2003 Entrix report summarized a number of studies on the toxicity of acetic acid, which is
contained in small amounts in the Habitat® formulation. (Entrix 10/04, p. 52, Table 3-14.) From
the acute LCs for several studies with fathead minnow (Pimephales promelas), the toxicity of
acetic acid to aquatic organisms can be categorized as slightly toxic. An inhalation study with
mice indicates that acetic acid is practically non-toxic. Because acetic acid is present in small
quantities in the formulation only, and its content in the tank mix will be even lower, risks from
this ingredient are considered insignificant.

44.2 Adjuvants

Most toxicity testing of herbicides uses either the technical grade active ingredient or its
formulations. However, toxicity to non-target organisms may change depending on the
adjuvants contained in the tank mix. Many adjuvants can produce wide-ranging effects on
physiological and metabolic processes and almost all of these effects can occur at low
concentrations or doses. (Tu et al. 2001.) As discussed in Section 3.1.7, registration requirements
for adjuvants are not as stringent as those for herbicides. Consequently, only limited
information is available for most adjuvants.

Attached Table A-2 summarizes chemical properties, degradation pathways (where
known), general toxicity rating, and acute toxicity of surfactants and colorants potentially used
with Habitat® and glyphosate herbicides for control of Spartina in the San Francisco Estuary.
Even though at the time being, non-ionic surfactants are not proposed for use by the ISP, they
have been included in the table for completeness sake.

Surfactants

A number of surfactants were evaluated for their toxicity, including the non-ionic
surfactants R-11¢, X-77®, LI-700®, Liberate®, and Cygnet Plus; the crop-oil concentrate
Agri-Dex®; the esterified seed oil Competitor®; and the organo-silicones Dyne-Amic® and
Kinetic®.75 Attached Table A-2 summarizes the general toxicity rating and the lowest reported

75 The categorization of surfactant classes is inconsistent and the names of surfactant classes are not
necessarily intuitive regarding the content of the surfactant. For example, crop oil concentrates are not
made from vegetable oils but from petroleum oils and not all surfactants with mainly non-ionic
ingredients, e.g., oils or silicones, are classified as non-ionic surfactants. To complicate the fact, surfactant
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toxicity for these surfactants. Based on the limited testing available, all surfactants would be
considered practically non-toxic to moderately toxic to aquatic organisms and practically non-
toxic to mammals via oral administration. Most surfactants are moderate skin and eye irritants.
(Entrix 10/03, pp. 52-55.) No studies regarding surfactant toxicity to birds were found in the
literature.

The potential impact of surfactants on the toxicity of herbicides is clearly illustrated in
several studies, which found that the toxicity of imazapyr and glyphosate herbicide tank mixes
to aquatic organisms (fish and water flea) is more driven by the surfactant and its percentage in
the tank mixture (herbicide formulation, water, plus surfactant) than by the herbicide itself. One
study analyzed Arsenal® (identical with the aquatic formulation Habitat®) and Rodeo® with and
without surfactants, as well as the surfactants alone. In all cases, the toxicity of the herbicides
alone was found to be much lower, i.e. the LCso much higher, than in combination with a
surfactant. In most cases the surfactant by itself was considerably more toxic than the
herbicide/surfactant combinations. (Smith et al. 2002, Henry 1992, both in Entrix 10/03,
pp. 54/55; Mitchell et al. 1987a in WS FEIS 11/93.) Inset Table 1 summarizes the results of these
studies for acute toxicity to rainbow trout.

Table 1: Acute toxicity of surfactants, herbicides, and herbicide/surfactant mixtures
to rainbow trout

Surfactant LCsy | Herbicide LGCso Herbicide/ . LCso
(ppm) (ppm) surfactant mixture (ppm)?
Agri-Dex® 271 Arsenal® 77,716 concentrate | Arsenal® Herbicide + Agri-Dex® 479
Hasten®? 74 Herbicide 22,305 imazapyr a.e. | Arsenal® Herbicide + Hasten® 113
X-77 4.2 Rodeo® + X-77® 130
Rodeo®
LI-700® 17 782 glyphosate a.e. | Rodeo®+ LI-700® 23
R-1161 6.0 Rodeo® + R11® 5.4

References in Entrix 10/03.

Inot proposed for use by ISP

2as surfactant

3esterified seed oil (Competitor® plus nonylphenol non-ionic surfactant)

These studies demonstrate that the toxicity of the herbicide/surfactant mixture is driven
by the surfactant. The LCsp values for tank mixtures were typically two orders of magnitude
lower, i.e. more toxic, than the pure formulation. This changes the ecotoxicity classification to
address acute risk to non-target aquatic organisms from practically non-toxic (margin of safety
two orders of magnitude) for the formulations to slightly toxic for the tank mixtures. Thus,
depending on the surfactant selected, tank mixtures may pose a greater hazard to non-target
species than the formulations tested.

A study with a glyphosate formulation/surfactant mixture (Rodeo®/X-77®) reported
lethal concentrations for rainbow trout, Chinook salmon, and Coho salmon ranging from 680 to

mixtures often contain several ingredients belonging to different surfactant classes. They are typically,
but not always, classified based on their main ingredient.
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1,070 mg/L, 750 to 1,440 mg/L, and 600 to 1,000 mg/L, respectively, considerably higher than
those reported for glyphosate. (Mitchell et al. 1987a in WS FEIS 11/93.) Other studies have also
determined that the surfactants contained in terrestrial glyphosate formulations make the
formulation more toxic compared the toxicity of glyphosate alone. (Schuette 1998.)

Colorants

The acute oral toxicity of Blazon® Blue, the colorant likely used by the ISP, to rats has
been reported to be greater than 5,000 mg/kg. (Milliken Chemical 05/027¢.) Therefore, the
colorant is practically non-toxic.

4.5 Relative Exposure and Risk Characterization

It is not feasible to estimate the exposure and risk for each of the hundreds of identified
individual receptor species for which potentially complete exposure pathways have been
identified. For wildlife receptors, evaluation of so-called “receptor guilds” can serve as a
reasonable surrogate approach. This approach is based on the concept that each receptor is part
of a group of potential receptors that function in similar ecological niches or “guilds.” Species
belonging to the same guild exhibit similar life histories and are therefore expected to have
similar exposures to herbicide applications. Surrogate species for which reliable life history
information and toxicological information is available are used for calculating risk. The results
are then extrapolated to the entire guild as a whole. The fundamental assumption of this
approach is that if negligible risk is determined for the surrogate species, then the entire guild is
protected. (Entrix 10/03, pp. 18/19.)

Based on the above information, risks to ecological receptors can be characterized by
integrating the potential effects and exposure to determine the ecological risk from the use of a
herbicide and the likelihood of effects on aquatic life, wildlife, and plants based on various
herbicide use scenarios. Frequently, the risk to ecological receptors is characterized numerically
as a so-called risk quotient (“RQ”), which is calculated as the ratio of potential exposure to a
select toxicity endpoint for a given species or surrogate species. The risk quotients are then
compared to an agency’s level of concern (“LOC”), which is specific to each category of
organisms. An LOC is a tool to interpret potential risk to non-target organisms. In addition to
the risk quotients for characterizing acute or chronic risk, U.S. EPA has published levels of
concern for characterizing risks from pesticides to T&E species, which include additional factors
of safety. (U.S. EPA 01/0477.) The 2003 Entrix report considered risks adverse if the RQ
exceeded 1. The following sections evaluate the risk quotients derived in the 2003 Entrix report
additionally in light of the levels of concern for T&E species for species of concern found in the
San Francisco Estuary. The toxicological endpoints typically used for calculating the RQ and
levels of concern for interpreting risk quotients are summarized in attached Table A-13.

76 Milliken Chemical, Blazon® Blue Spray Pattern Indicator, Material Safety Data Sheet, May 7, 2002.

77 U.S. Environmental Protection Agency, Overview of the Ecological Risk Assessment Process in
the Office of Pesticide Programs, Endangered and Threatened Species Effects Determination,
January 23, 2004.
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Because the toxicity of herbicide mixtures is additive and synergistic effects are not
likely, the risk quotients for an herbicide mixture would be the sum of the risk quotients
determined for the individual exposure to each of the herbicides. (See Section 4.3.) The toxicity
of glyphosate to wildlife and non-target vegetation from application in an estuarine
environment has been extensively documented in the WS EIS 1993.

451 Mammals

Mammalian wildlife could be exposed to imazapyr through dermal, oral (ingestion) or
inhalation routes. The dietary route is considered the most likely. Several species of concern are
potentially present in or close to areas where non-native Spartina is distributed or where
imazapyr herbicides could be applied. The Suisun ornate shrew (Sorex ornatus sinuosus) occurs
in tidal brackish marsh plains with dense cover and the harbor seal (Phoca vitulina richardi) uses
haul-outs on tidal marshes. (Programmatic EIS/EIR, Appx. F.) Other T&E species occurring
close to areas where imazapyr herbicide would be sprayed include the salt marsh wandering
shrew (Sorex vagrans halicoetes), which inhabits tidal salt marsh plains above the cordgrass zone,
and the southern sea otter (Enhydra lutris nereis).

Imazapyr. Based on the EPA criteria outlined in attached Table A-13, the acute oral and
dermal toxicity of technical imazapyr and imazapyr isopropylamine to mammals is categorized
as practically non-toxic. None of the risk quotients estimated in the 2003 Entrix report exceeded
levels of concern for acute risks to mammals for any of the species or exposure pathways
modeled relative to the NOEL with the exception of the deer mouse spill scenario exposure
(RQ deer mouse = 1.20). (Entrix 10/03, Table 5-1, p. 75.) Levels of concern for endangered
mammals of 0.1 were exceeded for the spill scenario exposure for all mammals. (Entrix 10/03,
Table 5-1, p. 75.) However, the spill scenario modeled (i.e., where an animal would effectively
drink undiluted spilled spray solution) is highly conservative and unlikely to be realized in situ
because best management practices would be employed immediately to clean up any spilled
herbicide and the disturbance of the cleanup action would discourage wildlife use of the area.

In addition, substantial conservatism was factored into this risk characterization.
Because the dose ranges of imazapyr administered to mammals over the variety of tests
performed have never yielded lethality, characterizing risk based on absolute lethal thresholds
such as the LDsp is not possible. Thus, the 2003 Entrix report used NOELSs for risk calculations.
Most of the NOELSs simply referenced the HDT and were not based on actual empirical findings
from a dose-response curve. Clearly, using a NOEL HDT instead of an LDsy considerably
overestimates potential risk. In addition, the doses for dietary and dermal exposure modeled in
the 2003 Entrix report tended to overestimate conditions in situ. This is particularly true for
chronic exposures because applications of herbicide would occur only once a year and tidal
flushing over the treated area would result in the loss of the herbicide over time. These very
conservative assumptions and toxicity values result in considerably overestimated risk
quotients.
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Since imazapyr does not bioaccumulate, and best management practices identified in the
Programmatic EIS/FEIR and adopted by the Conservancy as conditions of approval of the
Spartina Control Program will prevent significant drift off-site and reduce spills, it can be
reasonably assumed that no mammal species would be adversely affected by the use of an
imazapyr herbicide at the manufacturer-recommended application rate of 1.5 Ibs/acre
(0.68 kg/acre) in San Francisco Estuary, even under worst-case exposure scenarios.

Glyphosate. Based on the reported acute, subchronic, and chronic glyphosate toxicities
to rats, dogs, rabbits, and mice it appears unlikely that glyphosate will adversely affect
mammals that inhabit or use emergent wetlands. (WS FEIS 11/93.)

45.2 Birds

Exposure to birds may occur via ingestion, contact, and inhalation. Several species of
concern occur in the San Francisco Estuary where Spartina would be treated, including the
Alameda, San Pablo, and Suisun song sparrows (Melospiza melodia pusilla, M. melodia samuelis,
M. melodia maxillaris), the California black rail (Laterallus jamaicensis coturniculus), the California
clapper rail (Rallus longirostris obsoletus), the California least tern (Sterna antillarum brownii), the
California brown pelican (Pelecanus occidentalis californicus), the salt marsh common
yellowthroat (Geothylpis trichas sinuosa), and the Western snowy plover (Charadris alexandrinus
nivosus). The federally listed endangered California clapper rail is of particular concern because
of its occurrence in native Spartina marshes where non-native Spartina and its hybrids could
occur and be treated.

Imazapyr. Based on the U.S. EPA ecotoxicity classification , imazapyr is considered
practically non-toxic to birds. (See Section 4.3.2.) None of the risk quotients for birds modeled in
the 2003 Entrix report exceeded the level of concern for acute risks to birds of 0.5 or chronic
risks of 1 with the exception of the drinking water spill scenario. Again, the spill scenario
modeled is unlikely to be realized in situ. The disturbance associated with cleanup efforts
employed by the ISP as described in the MMRP would effectively eliminate exposure of birds to
the spill. For example, the MMRP requires hazing of birds until the spill is remediated. (MMRP,
p. 7.) The risk quotient for acute risks to endangered birds of 0.1 was exceeded for the male
scaup via dermal contact exposure (RQ = 0.17) and for the male mallard duck via dietary
exposure (RQ = 0.11). Risk quotients for the bobwhite quail, a surrogate species for evaluating
risks to the California clapper rail, were well below 0.1 for all exposure routes. Several factors
contributed to a considerable overestimate of these risk quotients. First, because no studies were
available that determined lethality, the risk quotients were based on NOELs. Second, the
modeled doses considerably overestimated potential conditions in situ because imazapyr would
only be applied once per year and dissipation from the environment was not factored into the
calculations. In addition, research in Washington State suggests that shorebirds do not use
non-native Spartina to forage, which reduces or eliminates their exposure via the ingestion
pathway. (Patten & Stenvall 2002.) Therefore the risk assessment greatly overestimated risk
associated with exposure to imazapyr. Risks to birds from exposure to imazapyr following
treatment of Spartina are therefore considered insignificant.
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Glyphosate. Based on the acute and chronic toxicity values for birds and the typical
exposure rates for glyphosate herbicides, no adverse effects on gallinaceous or dabbling duck
bird groups are expected due to application of glyphosate in the estuarine environment for
control aquatic nuisance vegetation. (WS FEIS 11/93.) No lethal toxicity information is available
for other bird groups that use wetland areas, such as perching birds or shorebirds. As discussed
for imazapyr, risks from oral exposure to shorebirds are reduced or eliminated because they do
not use non-native Spartina to forage. (Patten & Stenvall 2002.)

4.5.3 Insects

The 2003 Entrix report indicates that herbicide treatment in terrestrial environments has
been shown to increase arthropod abundance, likely as a response to increased food supply to
these detrivores from dead and decaying vegetation. Arthropods serve as a substantial, high-
energy food source for terrestrial birds as well as waterfowl and shorebirds. The 2003 Entrix
report concluded that a similar relationship is conceivable for decaying Spartina, arthropod
abundance, and birds.

Imazapyr. Based on the U.S. EPA ecotoxicity classification for insects, imazapyr is
practically non-toxic to bees. Exposure calculations for a worst-case scenario (spraying tank mix
directly onto insects) resulted in an estimated direct contact exposure of 0.0335 mg/kg. The
estimated NOEL for insects is 1,000 mg/kg (HDT) and the LDs is greater than 1,000 mg/kg.
Based on the resulting risk quotient, 2.23x1075, the risk to insects can therefore be characterized
as insignificant.

Glyphosate. Glyphosate has been found to be practically nontoxic to honeybees.
(U.S. EPA 09/93.) Risks to insects are expected to be insignificant.

454 Reptiles and Amphibians

Reptiles and amphibians may be exposed to herbicides via dietary consumption,
inhalation and direct contact. Amphibians are particularly susceptible to contact exposure from
direct spray of herbicides because of their thin skin, however, their exposure is unlikely due to
their intolerance of saline conditions, which precludes their occurrence in areas where Spartina
is distributed and would be treated. One reptile species of concern, the Northwestern pond
turtle (Clemmys marmorata marmorata) occurs in tidal sloughs of the Suisun Marsh.
(Programmatic EIS/EIR, Appx. F.) It is highly unlikely that this species would be present in
areas of Spartina treatment. In general, the life history of reptiles and amphibians native to the
San Francisco Estuary suggests that exposure is precluded because they would not be found in
the brackish water and estuarine environment where Spartina would be treated.

Imazapyr. No studies regarding the toxicity of imazapyr to reptiles and amphibians
were found in the literature. Although a formal risk calculation could not be conducted, the life
history of reptiles and amphibians suggests that their exposure is unlikely. The 2003 Entrix
report therefore considered the risks to reptiles and amphibians following treatment of non-
native Spartina with imazapyr herbicides insignificant.
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Glyphosate. No studies regarding the toxicity of glyphosate to reptiles were found.
Several studies demonstrated high toxicity of glyphosate/surfactant combinations to
amphibians. However, as with imazapyr, the risks associated with the treatment of non-native
Spartina in the San Francisco Bay can be considered insignificant due to the life history of the
amphibian and reptile species.

455 Fish

Several species of concern may be present in tidal sloughs of marshes potentially treated
with imazapyr herbicides. These include the chinook Salmon (Oncorhynchus tshawythscha),
steelhead trout (Oncorhynchus mykiss), the Delta smelt (Hypomesus transpacificus), , and the
Sacramento splittail (Pogonichthys macrolepidotus).

Imazapyr. An empirical LCso of 22,305 mg imazapyr a.e./L has been established for fish,
which classifies the herbicide as practically non-toxic according to U.S. EPA standards. (The
highest spray solution that would be applied to non-native Spartina is a 7.5% solution at an
application rate of 10 gal/acre, containing approximately 18,000 mg imazapyr a.e./L”8, which is
on the same order of magnitude as the established LCso.) As discussed in Section 4.2.1, even
under highly conservative exposure scenarios, the maximum imazapyr concentration in water
is not expected to exceed 5.77 mg imazapyr a.e./L (the ISP modeling resulted in 33.1 mg/L).
The resulting risk quotient for imazapyr, 2.6x10+, is three orders of magnitude below the acute
LOC of 0.5 for fish. The risk for the highest modeled concentration in the edge of the incoming
water, as described in Section 4.2.1, would result in an RQ more than two orders of magnitude
below the acute LOC for fish. However, as discussed in Section 4.4.2, surfactants may greatly
increase the toxicity of the formulation. Empirical LCso values for an imazapyr herbicide
mixture with Agri-Dex® and Hasten® (Competitor® plus nonylphenol non-ionic surfactant) have
been determined at 459 ppm and 113 ppm (based on surfactant), respectively. If risk quotients
are based on these toxicity values, they increase considerably. Inset Table 2 summarizes acute
risk quotients for the highest measured environmental exposure concentrations in water and for
the highest modeled concentration of 33.1 mg/L as discussed in Section 4.2.1.

78 Habitat® contains 22.6% v/v imazapyr isopropylamine or 226 ml/L imazapyr as acid equivalent. The
7.5% spray solution for aerial applications at 10 gal/acre therefore contains: (226 ml imazapyr a.e./L
Habitat®) x (imazapyr density 1.04 to 1.07 g/ml) x (6 pints Habitat®/10 gal water) x (gal/8 pints) x
(1,000 mg/g) = 17,628 to 18,137 mg imazapyr a.e./L.
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Table 2: Acute risk quotients for fish

Acute RQ
EEC1
maximum
LGCso measured EEC!
Herbicide/Surfactant rainbow trout  concentration ISP modeling?
Imazapyr a.e. 22,305 ppm <0.0014 <0.001
Arsenal + 1% Agri-Dex® 459 ppm? 0.0134 0.074
Arsenal + 1% Hasten® 113 ppm3 0.051* 0.293

1 EEC = environmental exposure concentration

2 EEC ISP modeling = RQ maximum measured concentration x (33.1 mg/L) /(5.77 mg/L)
3 as surfactant

¢ The RQs reported in the 2003 Entrix were higher by a factor of 10

Levels of concern for endangered fish of 0.05 would be marginally exceeded for the
imazapyr/Hasten® surfactant combination for the highest measured concentrations in water. In
case of the modeled EEC, both herbicide/surfactant combinations would exceed the LOC of
0.05. However, the presence of fish in the leading edge of an incoming tide, where these
concentrations might occur, is highly unlikely. Further, the basis for the highest measured
exposure value was extremely conservative in that the pesticide was applied directly to
sediment with no interception by vegetation and collection of the sample only three hours later.
The Spartina Control Program intends to apply pesticides with the outgoing tide, leaving a
much longer window of time before the tide washes off any remaining herbicide from the
sediment and foliage. Some degradation and uptake of the herbicide will occur, which will
further reduce the concentration in water. As discussed in Section 3.1.7, the herbicide dissipates
quickly in the tidal environment and no residues were detected at the treatment site 40 hours
after application.

Exposures are relevant only for an acute exposure scenario. Due to the tidal exchange of
waters, which results in dilution of the compound with each tide, imazapyr would quickly
dissipate beyond detection. (Entrix 10/03. p. 78.) This conclusion is supported by dissipation
experiments in Washington State, which showed that imazapyr effectively dissipated in water
within about four to five tidal exchanges, or about 40 hours. (Patten 2002.) Complete tidal
exchange of water in some marshes in the San Francisco Estuary may take considerably longer
but chronic effects are not conceivable.

Based on the above discussion, the acute and chronic risk to fish due to application of
imazapyr herbicides for control of non-native Spartina is considered insignificant.

Glyphosate. Glyphosate becomes quickly inactivated by adsorption to sediment and
suspended particles in water. (See Section 3.1.6.) This makes the herbicide biologically
unavailable for fish. The risk to fish due to the application of glyphosate has been considered
insignificant at the application rates typical to treat non-native, invasive Spartina.
(Programmatic EIS/EIR, p. 3.3-30.)
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45.6 Aquatic Invertebrates

The aquatic invertebrate community in the San Francisco Estuary is to a large extent
composed of non-native species. (Baye 04/057°.) No species of concern occur in or close to areas
where non-native Spartina would be treated with herbicides.

Imazapyr. The reported acute toxicity LCso concentrations for technical-grade imazapyr
for the freshwater flea (Daphnia magna) and the pink shrimp (Penaeus duorarum) are >100 mg/L.
The reported acute ECsp concentration for growth inhibition of Eastern oysters is >132 mg/L.
On the basis of these toxicity measurements, imazapyr would be considered practically non-
toxic to both freshwater and marine invertebrates according to EPA ecoxicity screening criteria.
No empirical results have been documented that establish lethal or sub-lethal effects such as
growth inhibition. Thus, the measures of >100 and >132 mg/L can provide only screening
values for a risk characterization. One study reported an LCso of 71 mg/L for water flea after
exposure to Arsenal mixed with an unidentified surfactant.

To differentiate risks from motile epibenthic® or pelagics! invertebrates from benthic
infaunas?, the 2003 Entrix report calculated RQs using sediment pore water concentrations of
3.29 mg/L, the highest concentration measured in the Washington State study. Inset Table 3
summarizes acute risk quotients for pelagic and epibenthic invertebrates and benthic infauna
based on these toxicity measures and the measured and estimated worst-case concentrations in
surface water and sediment pore water.

7 Personal communication with Peter Baye, April 25, 2004.
80 Organisms that are living on or above the sediment.
81 Organisms that live in the water column, away from sediment.

82 Benthic infauna lives in sediment within soft substrate areas such as shallow mud flats and sand flats.
Most estuaries support large numbers of benthic infauna, including worms, bivalves and crustaceans.
Benthic communities provide a significant food source for many species of fish. Wading birds also rely on
benthic infauna to form an integral part of their diet.
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Table 3: Acute risk quotients for marine invertebrates

Acute RQ
EEC!
LGCso maximum

Daphnia measured EEC!
Herbicide/Surfactant magna concentration ISP modeling?
Epibenthic and pelagic invertebrates (surface water exposure)
Imazapyr >100 ppm 0.058 0.333
Arsenal + unidentified surfactant 79.1 ppm 0.073 0.419
Benthic infauna (sediment pore water exposure)
Imazapyr >100 ppm 0.033 0.189
Arsenal + unidentified surfactant 79.1 ppm 0.042 0.241

1 EEC = environmental exposure concentration
2 EECISP modeling = RQ maximum measured concentration x (33.1 mg/L)/(5.77 mg/L)

In all cases, the acute risk to aquatic invertebrates is below the LOC for acute risk for
aquatic invertebrates. Even under the worst-case scenario of an accidental spill the impact
would not affect biological diversity because the majority of the benthic community is non-
native. Any potential impact regarding the availability of prey would be short-term only.
Epibenthic and pelagic invertebrate communities will likely recover within a few tidal cycles.
For infauna, it is known that even such intrusive disruptions as dredging cause only short-term
biomass reduction. (Baye 04/05.)

Based on the above information, the risk to aquatic invertebrates for application of
imazapyr herbicides and surfactants is considered insignificant.

Glyphosate. Impacts to aquatic invertebrates due to post-application water
concentrations of glyphosate are unlikely due to glyphosate’s rapid adsorption to sediment
particles and inactivation. Field studies of benthic invertebrates in tidal mudflats revealed no
short- or long-term effects. (See Section 4.3.6.) Based on these facts, risks to aquatic invertebrates
are considered insignificant.

4.3.7 Non-target Vegetation

For both herbicides, the most significant risk appear to be impacts to non-target aquatic
vegetation due to the herbicides’ engineered mechanisms of action, which target protein
synthesis in plants. Several species of concern occur in the brackish tidal marshes of the San
Francisco Estuary where they are potentially affected by spray drift and concentrations of the
herbicide in water including the Delta tule-pea (Lathyrus jepsonii var. jepsonii), the soft bird’s
beak (Cordylanthus mollis ssp. mollis, the Suisun marsh aster (Aster lentus), and the Suisun thistle
(Cirsium hydrophilum var. hydrophilum). (See Programmatic EIS/EIR, Appx. F.)
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Imazapyr. Inset Table 4 summarizes the acute risk quotients for non-target aquatic
vegetation for the maximum measured concentration of 5.77 mg/L and the modeled
concentration by the ISP of 33.1 mg/L. (See Section 4.2.1)

Table 4: Acute risk quotients for non-target aquatic vegetation

Acute RQ
EEC!

maximum EEC!

measured ISP
Herbicide/Surfactant Species ECso Growth concentration modeling?
Algae
hga;:pyr technical Green algae 71 ppm 0.081 0465
irsenal + unidentified (Selenastrum
surfactant capricornutum) 14.1 ppm 0.409 2.346
Vascular plants
Imazapyr technical
grade Duckweed 0.0214 ppm 240 1,377
Arsenal + unidentified  (Lemna gibba) 00216 ppm 15 87
surfactant

1 EEC = environmental exposure concentration
2 EECISP modeling = RQ maximum measured concentration x (33.1 mg/L)/(5.77 mg/L)

Risks to algae from imazapyr are insignificant for the maximum measured water
concentration and for the modeled highest potential concentration of 33.1 mg/L. However,
when applied in combination with a surfactant, the risk quotient for algae increases above a
factor of 2 for the modeled concentrations. However, any potential impact would be short-term
only because of tidal mixing and dissipation of imazapyr. It is expected that algal communities
will recover within a few tidal cycles from any adverse impacts.

Based on ECsy concentrations developed for duckweed, a floating vascular macrophyte,
with both imazapyr technical grade and Arsenal with an unidentified surfactant, risks from
herbicide concentrations in water to vascular plants such as pickleweed or the above-mentioned
species of concern may be significant. Risk quotients greatly exceed the acute risk quotient of 1.
The 2004 SERA report determined that off-site drift of imazapyr after ground broadcast or aerial
applications with 1.25 Ib/acre may cause damage to sensitive plant species at distances of up to
500 feet from the application site. The closer the plant is to the application site, the greater the
likelihood of damage. (SERA 12/04, p. 4-26.) However, the impact of imazapyr herbicide use on
non-target vegetation should be largely controllable by the use of best management practices
identified in the Programmatic EIS/EIR and adopted by the Conservancy as conditions of
approval of the Spartina Control Program that limit the potential for non-target vegetation
exposure. In addition, the monoculture growth typical of Spartina reduces the potential for non-
target plant exposure during herbicide application. Further, as discussed in Section 4.3.7, even
direct spraying of the herbicide onto non-target vegetation does not result in long-term
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suppression of growth. While these effects are locally adverse, they are not considered to have
overall significance.

Glyphosate. Glyphosate is ineffective on submerged aquatic vegetation and algae. It is
likely that suspended organic matter or sediment interfere with glyphosate uptake by
submerged plant tissue. Effects on non-target vegetation from application of glyphosate are
considerable. However, effects, though locally important, are considered to be overall less than
significant and further mitigable. (See Programmatic EIS/EIR, Section 3.3.)

45.2 Data Gaps and Uncertainties

The fundamental question in addressing the significance of the uncertainty in any risk
assessment is the degree to which it could qualify the risk conclusions. The 2003 Entrix report
summarized the uncertainties and data gaps associated with the ecological risk assessment for
imazapyr herbicide use for control of non-native Spartina. Based on the most recent data on the
toxicity, fate, and degradation of imazapyr, the risk assessment indicated that imazapyr has
insignificant toxicity to aquatic and terrestrial wildlife, is not environmentally persistent, and
does not bioconcentrate or bioaccumulate.

Uncertainties

Several uncertainties are inherent in the manner of preparation and conclusions of the
ecological risk assessment presented in the 2003 Entrix report (and other ecological risk
assessments). These include:

— Information gaps where sources or stressors are not identified or important aspects of
the ecology are not known can affect risk conclusions. Although it is believed that
the important potential sources of adverse effects have been addressed, it is possible
that there are unmeasured or unconsidered chemical constituents in the estuarine
environment that are contributing an unevaluated degree of risk to receptors in
target areas.

— If relationships between sources and receptors are missing or incorrectly identified,
risks could be under- or overestimated. To reduce this uncertainty, a conceptual model
was developed that identified all known pathways (both complete and incomplete)
and receptor trophic levels. The overall impact of this source of uncertainty on risk
conclusions is unknown.

— Uncertainty (safety) factors used to derive tissue residue factors may not accurately
reflect site conditions. However, the uncertainty factors applied were considered
realistic based on data from various published studies. Since published tissue
residue factors were not available for all receptors of interest, uncertainty factors
were applied. Because the uncertainty factors applied were considered conservative,
risk estimates were likely overestimated.

— The use of data from laboratory versus field populations introduces another source of
uncertainty because species used in laboratory toxicity tests are not necessarily
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subjected to the same degree of non-chemical related stresses as receptors in natural
conditions. As such, cumulative effects of multiple stressors (including chemicals)
are not necessarily the same. It is difficult to predict the effect on ecological risk
assessment results since laboratory versus natural conditions may stress species
differently. Due to likely differences in the health of laboratory populations and
those inhabiting target areas, differences in genetic diversity (hence resistance to
stressors), and possible impacts of non-chemical stressors, some unavoidable
uncertainty exists when extrapolating laboratory derived data to field situations.

— The use of surrogate species also introduces uncertainty because the toxicological
studies used species that are related to taxa present in the target areas, but are not
identical. In general, the greater the taxonomic difference, the greater the uncertainty
in application of laboratory toxicity data to receptors. It is not known whether
laboratory test species or receptors in target areas are the most sensitive to a given
chemical constituent.

— Finally, feeding rates were assumed not to vary with season, breeding condition, or
with other local factors. Reported feeding rates undoubtedly vary with all of these
factors because metabolic needs change as does food availability. Where possible,
estimates of average feeding rates were derived from studies that reported for
multiple seasons and areas to compensate for this potential uncertainty. As such,
while uncertainty is introduced, the effect on the ecological risk assessment
conclusions is unquantifiable.

(Entrix 10/03, p. 85.)
Data Gaps

While the risks to ecological receptors appear very low, several data gaps exist. No
significant new data were identified for this report that would serve to eliminate some of the
data gaps identified in the 2003 Entrix report. The following list summarizes the main data gaps
that remain for the assessment of imazapyr use in the estuarine environments:

— Studies pertaining to the effect of imazapyr on aquatic or water-dependent species
other than fish are limited;

— No studies examining the toxicity of imazapyr to amphibians and reptiles were
discovered in the literature review, however, amphibians do not occur in the saline
environment where Spartina is growing and the life history of reptiles does not
indicate their occurrence where Spartina will be treated;

— No studies on the toxicity of imazapyr to marine fish typical of those areas where
invasive Spartina is distributed in the San Francisco Estuary have been conducted;

— Specific data on the toxicity of imazapyr to sediment-associated organisms typical of
northern temperate marine environments is generally lacking and represents a
significant data gap;
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— Residues of imazapyr in treated Spartina, and the degradation of the herbicide over
time in plant tissue were not identified in the literature. Exposure calculations in the
2003 Entrix report therefore relied on estimated concentrations in the plant tissue.
Empirical residues from plants would increase confidence in the exposure and risk
estimates;

— Effects on the micorhizosphere and microflora in a treated estuary, which could
affect nutrient dynamics, have not been explored. This subject area has not been
investigated thoroughly for any herbicide used in an estuary setting;

— Effects on non-target salt-marsh plants native to areas non-native Spartina has
colonized are poorly understood and only limited data on a few species have been
reported;

— Persistence and stability of imazapyr in dead and decaying Spartina is not known.
However, based on observations in Washington State, it is unlikely that leachate
from decaying vegetation retains any herbicidal activity thereby potentially delaying
the recovery of native salt marsh plants;

— Dirift concentrations of imazapyr off-site by treatment method (e.g., backpack, boom
sprayer, etc.,) have not been quantified. However, worst-case scenario exposure
conditions in direct application sites did not indicate significant risk;

— Effects on marine phytoplankton are unknown, however, studies with freshwater
phytoplankton and the rapid dissipation of imazapyr in tidal water indicate a large
margin of safety for adverse effects;

— Effects on sea-surface microlayer associated organisms and microflora in this surface
water film are not known.

While the above data gaps represent some uncertainty, the existing information on the
toxicity and fate of imazapyr is substantial and suggests that significant negative impacts would
be unlikely in studies addressing the above data gaps — with the possible exceptions of effects
on non-target vegetation.

5. HUMAN HEALTH RISK ASSESSMENT SUMMARY

The following summary of human health risks associated with the use of imazapyr
herbicide in the San Francisco Estuary for control of non-native Spartina is based on information
contained in the Programmatic EIS/EIR and data, procedures, and findings of a standard
human health risk assessment for the use of imazapyr in forestry applications (2004 SERA
report).
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5.1 Potentially Exposed Populations and Sensitive Receptors

As mentioned above, application methods with the imazapyr herbicide would be
identical to those previously identified for glyphosate. (Olofson 03/05.) Therefore, the
potentially exposed populations and sensitive receptors from a human health perspective are
identical to those described in the Programmatic EIS/EIR. (Programmatic EIS/EIR, p. 3.6-1.)

5.2 Risk Characterization for Imazapyr

The 2004 SERA report contained an exhaustive human health risk assessment for the
application of imazapyr in forestry applications, which evaluated worst-case scenarios for both
workers and members of the general public. Worst-case scenario application methods evaluated
in the 2004 SERA report correspond to those expected for applications in the estuarine setting
for control of non-native Spartina. (Applications in the Estuary will be performed by licensed
applicators.) The exposure assessment scenarios presented in the 2004 SERA report were based
on a typical forestry application rate of 0.45 Ib/acre. Risk was characterized quantitatively using
a risk quotient calculated as the ratio of the exposure estimate to the chronic reference dose
(“RfD”). For both acute exposures (i.e., accidental or incidental exposures) and general
exposures (i.e., daily exposures that might occur over the course of an application season), the
chronic RfD of 2.5 mg/kg b.w./day derived by the U.S. EPA was used to characterize risk. The
level of concern for the risk quotient at the typical application rate is 1. To compare the risk
quotients from the 2004 SERA report to the application of imazapyr herbicide in the San
Francisco Estuary, the level of concern must be adjusted to the maximum application rate. For
all exposure scenarios, the estimated dose scales linearly with application rate. Thus, at the
maximum application rate of 1.5 Ib imazapyr a.e./acre, the resulting level of concern for
evaluating the derived risk quotients is 0.3.8% This level of concern was compared to the risk
quotients presented in the 2004 SERA report to interpret the results for control of Spartina with
imazapyr herbicide in the San Francisco Estuary.

521 Applicators

The highest risk quotient determined for workers based on general exposures was
0.03 for the upper range for broadcast ground spray. Thus, even at the highest application rate
that might be used in the Estuary, the upper range of risk quotients is below the level of concern
by a factor of 10.84

While the accidental exposure scenarios are not the most severe one might imagine
(e.., complete immersion of the worker or contamination of the entire body surface for a
prolonged period of time) they are representative of reasonable accidental exposures. The
highest risk quotient for all evaluated accidental worker exposure scenarios was determined to
be 0.006 (the upper range for a worker wearing contaminated gloves for 1 hour). Because the

83 (0.451b/acre) / (1.51b/acre) = 0.3
840.3 /0.03=10
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estimate of the absorbed dose is linearly related to the risk quotient, a scenario in which the
worker wore contaminated gloves for about 167 consecutive hours®5, or a about 7 days, would
be required to reach a level of concern (a risk quotient of one) at the application rate of 0.45 Ib
imazapyr a.e./acre evaluated in the 2004 SERA report. Adjusted to the application rate of

1.5 1Ib imazapyr a.e./acre proposed for Spartina control in the San Francisco Estuary, the risk
quotient of 0.006 is below the level of concern, i.e. 0.3, by a factor of 50. Thus, at the highest
application rate, a worker would have to wear contaminated gloves for 50 hours or 2 days to
reach a level of concern. In other words, under a protective set of exposure assumptions,
workers would not be exposed to levels of imazapyr that are regarded as unacceptable and no
exposure scenario approaches a level of concern. Mitigation measures identified in the
Programmatic EIS/EIR and adopted by the Conservancy as conditions of approval of the
Spartina Control Program require appropriate protection and training of these workers.
(Programmatic EIS/EIR, pp 3.6-7/8.)

The 2004 SERA report indicated uncertainties associated with these risk
characterizations for workers due to the lack of experimental data on the dermal absorption
kinetics of imazapyr and lack of worker exposure studies. However, uncertainties in the
estimated dermal absorption rates and worker exposure rates were incorporated into the
exposure assessment and risk characterization and these estimates would have to be in error by
a factor of about 100 or more to impact this qualitative risk characterization. An additional
factor of safety is introduced by the fact that the risk assessment presented in the 2004 SERA
report specifically considered the effect of repeated exposure because it used the chronic RfD as
an index of acceptable exposure even for acute exposure scenarios.

Imazapyr is mildly irritating to the skin and eyes. Quantitative risk assessments for eye
irritation were not derived; however, effects on eyes likely only result as a consequence of
mishandling the herbicide and can be prevented by wearing goggles.

5.2.2 General Public

Based on the available information and under the foreseeable conditions of application,
there are no routes of exposure or scenarios suggesting that the general public will be at any
substantial risk from longer-term exposure to imazapyr. Similarly, none of the evaluated acute
risk scenarios, including consumption of contaminated vegetation and fish, acute contact
exposure, and direct spray of a small child, resulted in risk quotients that exceeded the level of
concern of 0.3 for the application rate of 1.5 Ib imazapyr a.e./acre. The only exception was the
arbitrary scenario of risks to the public associated with drinking contaminated water after an
accidental spill into a small pond. Best management practices identified as mitigation measures
in the Programmatic EIS/EIR and adopted by the Conservancy as conditions of approval of the
Spartina Control Program (in addition to the improbability of people drinking from a pond and
the probably unpleasant taste of the herbicide/surfactant) will effectively prevent such
exposure.

851/0.006 = 166.7
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6. SUMMARY AND CONCLUSIONS

This report evaluated the potential impacts to water quality, biological resources, and
human health and safety associated with the proposed use of imazapyr herbicides for control of
non-native, invasive Spartina cordgrass species and their hybrids in the San Francisco Estuary.
The following sections summarize findings on the environmental fate and the potential
ecological and human health risks for imazapyr applications in an estuarine environment and
compare the risks relative to glyphosate applications. These sections are followed by a
discussion of changes in environmental effects for the Spartina Control Program, approaches to
minimize increased risk, and conclusions.

6.1 Summary of Findings on Environmental Fate of Imazapyr in Estuarine Environments
and Impacts on Water Quality

Under typical environmental conditions, imazapyr is highly soluble in water. In aquatic
systems, it is not expected to be biodegraded and volatilization from water or plant surfaces is
insignificant. Imazapyr has a very low propensity to bioconcentrate. In water, it is subject to
rapid photolysis with reported half-lives ranging from 3 to 5 days. In a number of field
dissipation studies, imazapyr rapidly dissipated from the water with of 1.9 days and 12.8 days.
No detectable residues of imazapyr were found in the water and sediment after 14 and 59 days,
respectively. In estuarine systems, dilution of imazapyr in the incoming tides will contribute to
its rapid dissipation and removal from the area where it has been applied. Measured maximum
concentrations after application of 1.5 Ib imazapyr a.e./acre onto a non-vegetated tidal mudflat,
measured after three hours in the first tidal flush, were 5.77 mg/L in water, 5.7 mg/kg
sediment, and 3.29 mg/L in pore water. The study demonstrated complete dissipation of
imazapyr from the area within 40 hours from the water column and within 400 hours from
sediment. This information suggests that imazapyr is not environmentally persistent in the
estuarine environment.

6.2 Summary of Findings on Ecological and Human Health Risks of Imazapyr

The evaluation of using an imazapyr herbicide for control of non-native Spartina in the
San Francisco Estuary was based on the data, procedures, and findings of a standard ecological
risk assessment for use of imazapyr for control of non-native Spartina in an estuarine setting in
Washington State (2003 Entrix report) and a standard human health risk assessment for the use
of imazapyr in forestry applications (2004 SERA report). In addition, this report incorporated
information from a comprehensive literature search and review of publications on ecological
impacts, toxicity, and fate and transport of imazapyr and its formulations including potentially
used adjuvants. Additional unpublished information was obtained from the ISP, industry
representatives, researchers, and government.
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6.2.1 Ecological Receptors

The 2003 Entrix report developed a realistic exposure scenario for the application of
imazapyr herbicide on non-native Spartina in an estuarine ecosystem in Washington State. This
report interpreted the results of the 2003 Entrix report for the San Francisco Estuary ecosystem
taking into account local conditions and species of concern. Additionally, this report evaluated a
higher concentration of imazapyr in water. In addition to evaluating risk quotients
(exposure/ toxicity) compared to levels of concern for the entire category, this report evaluated
the risk quotients compared to levels of concern specifically for endangered species.

Mammalian wildlife could be exposed to imazapyr through dermal, oral (ingestion) or
inhalation routes. The dietary route is considered the most likely. The oral and dermal toxicity
of imazapyr to mammals is categorized as practically non-toxic. Based on the exposure scenario,
the only potentially significant risk was identified for a spill scenario that assumed ingestion of
undiluted spray solution by mammalian wildlife. This risk scenario is highly unlikely because
best management practices set forth in the MMRP would ensure immediate cleanup of the spill
and because the disturbance created by the cleanup efforts would discourage wildlife use of the
area. Risks to mammals from exposure to imazapyr following treatment of Spartina are
therefore considered insignificant.

Exposure to birds may occur via ingestion, contact, and inhalation. None of the acute or
chronic scenarios was significant to birds with the exception of the drinking water spill
scenario. Again, the spill scenario modeled is unlikely to be realized in the field. Risks to birds
from exposure to imazapyr following treatment of Spartina are therefore considered
insignificant.

Based on exposure calculations for a worst-case scenario (spraying tank mix directly
onto insects) and the reported toxicity to bees (practically non-toxic), the risk to insects from
exposure to imazapyr following treatment of Spartina is considered insignificant.

No studies regarding the toxicity of imazapyr to reptiles and amphibians were found in
the literature and a formal risk calculation could not be conducted. However, amphibians
cannot tolerate the salinity levels found in areas where non-native Spartina occurs and are
therefore not at risk. The life history of those reptiles that might occur in the Estuary suggests
that their exposure is unlikely. The risks to reptiles and amphibians following treatment of non-
native Spartina with imazapyr herbicides are therefore considered insignificant.

Imazapyr is practically non-toxic to fish. However, the use of surfactants in the tank
mixture may greatly increase the toxicity of the formulation to aquatic organisms. The acute
levels of concern for fish were not exceeded for any of the surfactant/formulation mixtures
tested. However, levels of concern for endangered fish could potentially be marginally
exceeded for the highest measured and modeled concentrations in water. However, the
presence of fish in the leading edge of an incoming tide, where these concentrations might
occur, is highly unlikely. Further, the basis for the highest measured exposure value was
extremely conservative in that the herbicide was applied directly to sediment with no
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interception by vegetation and collection of the sample only three hours later. The Spartina
Control Program intends to apply herbicides with the outgoing tide, leaving a much longer
window of time before the tide washes off any remaining herbicide from the sediment and
foliage. Some degradation and uptake of the herbicide will occur, which will further reduce the
concentration in water. Due to the tidal exchange of waters, which results in dilution of the
compound with each tide, imazapyr would quickly dissipate beyond detection. This conclusion
is supported by dissipation experiments in Washington State, which demonstrated that
imazapyr effectively dissipated in water within about four to five tidal exchanges. Therefore,
the acute and chronic risk to fish due to application of imazapyr herbicides for control of non-
native Spartina is considered insignificant.

Imazapyr would be considered practically non-toxic to both freshwater and marine
invertebrates. The acute risk to aquatic invertebrates from exposure to imazapyr in water was
determined to be insignificant. Any potential impact from a spill would be short-term only.
Epibenthic and pelagic invertebrate communities will likely recover within a few tidal cycles.
Therefore, the acute and chronic risk to aquatic invertebrates due to application of imazapyr
herbicides for control of non-native Spartina is considered insignificant.

In sum, the maximum proposed application rate of 1.5 Ib imazapyr a.e./acre for control
of Spartina in the Estuary did not result in aquatic concentrations or terrestrial doses that would
pose significant risks to aquatic or terrestrial wildlife, even under the extremely conservative
conditions modeled.

Because imazapyr is an effective herbicide, non-target plants that are inadvertently
directly sprayed are likely to be severely damaged. These risks are particularly acute for
vascular plants. Algae appear to be less sensitive to imazapyr than aquatic macrophytes. Off-
site drift from the application site after ground-broadcast or aerial applications may cause
damage to sensitive plant species at distances of up to 500 feet. Peak concentrations of imazapyr
with the incoming tide could also result in adverse effects on aquatic macrophytes and non-
target vegetation. However, the tidal exchange of water would rapidly dilute these
concentrations to levels that do not cause acute damage to plants. The above-discussed studies
demonstrated the rapid dissipation and lack of persistence of imazapyr in the estuarine
environment. Longer-term concentrations of imazapyr in water are substantially below levels of
concern and are not expected to result in adverse effects to non-target vegetation. Best
management practices as identified in the Programmatic EIS/EIR and adopted by the
Conservancy as conditions of approval of the Spartina Control Program will reduce the
likelihood of effects on non-target vegetation.

Several significant data gaps were identified that introduce some uncertainty into the
risk assessment. However, the existing information on the toxicity and fate of imazapyr is
substantial and suggests that significant negative impacts would be unlikely in studies
addressing these data gaps — with the possible exceptions of effects on non-target plants.
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6.2.2 Human Health and Safety

The 2004 SERA report contained an exhaustive human health risk assessment for the
application of imazapyr in forestry applications, which evaluated worst-case scenarios for both
workers and members of the general public. Worst-case scenario application methods evaluated
in the 2004 SERA report correspond to those expected for applications in the estuarine setting
for control of non-native Spartina. This report scaled the effects from the lower application rates
of imazapyr for forestry applications to the maximum application rate proposed for the
Spartina Control Program.

Typical exposures to imazapyr did not lead to estimated doses that exceed a level of
concern for either workers or members of the general public at the maximum application rate of
imazapyr proposed for control of Spartina in the San Francisco Estuary. Based on the available
information and under the foreseeable conditions of application, it can be reasonably concluded
that workers or members of the general public will not be at any substantial risk from acute or
longer-term exposure to imazapyr at the application rate of 1.5 Ib/acre on non-native Spartina.

Mild irritation to the eyes can result from accidental splashing. This effect will be
minimized or avoided by exercising care to reduce splashing and wearing goggles during the
handling of the compound as required by the MMRP.

6.3 Comparison of Relative Ecological and Human Health Effects of Imazapyr versus
Glyphosate and Associated Adjuvants

The ecological and human health effects of the use of glyphosate for control of non-
native Spartina were addressed in the Programmatic EIS/EIR and thoroughly evaluated in an
ecological and human health risk assessment on the use of glyphosate for control of emergent
nuisance vegetation in aquatic wetlands in Washington State (WS FEIS 1993). These documents
concluded that the use of glyphosate in aquatic systems presents limited risks to some
ecological receptors.

Imazapyr has been demonstrated to be less toxic to aquatic organisms than glyphosate.
For example, a direct comparison test with rainbow trout established an inherent acute toxicity
of glyphosate to fish at more than 25-fold higher than for imazapyr. Given that the relationship
between fish and aquatic invertebrate toxicity for a given chemical rarely differs by more than
an order of magnitude, it is reasonable to expect a similar relationship to exist for aquatic
invertebrates for the toxicity of glyphosate compared to imazapyr. On a unit compound basis,
imazapyr is more effective than glyphosate for control of Spartina and is consequently applied
at considerably lower application rates. The resulting risk from imazapyr to aquatic organisms
is therefore considerably lower than that for glyphosate. In mixture with glyphosate herbicides,
toxicity is expected to additive only and synergistic effects are not likely.

The aquatic formulations of both herbicides must be mixed with surfactants for use on

post-emergent vegetation such as Spartina. The inherent risks of using either herbicide have
been shown to increase significantly when mixed with surfactants. Risks associated with
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glyphosate/surfactant mixtures increase more drastically than those for imazapyr/surfactant
mixtures for a number of reasons. First, most non-ionic surfactants that must be used with
glyphosate are inherently more toxic to aquatic organisms than the methylated or esterified
seed oils or silicone-based surfactants that can be used with imazapyr herbicides. (For example,
the non-ionic surfactants R-11® and LI-700® were determined to be 5 times as toxic as the
esterified seed oil Competitor®.) Second, glyphosate requires considerably higher spray
volumes than imazapyr and surfactants are mixed proportionally to the spray volume, resulting
in about twice as high surfactant concentrations for glyphosate tank mixes compared to
imazapyr tank mixes. (See Tables A-3a and A-3bA.) A number of less toxic surfactants are
available for use with imazapyr and have been demonstrated to be effective on Spartina.

Although glyphosate is highly soluble like imazapyr, it is not photolyzed in water and is
readily adsorbed to suspended particles and sediment. Its fate in an estuarine environment is
primarily determined by its strong adsorption to sediment particles and the rate of microbial
degradation. Concentrations of glyphosate in rhizomes of treated Spartina have been shown to
increase over several years after treatment. The residual biomass of Spartina could therefore
slowly release glyphosate into the environment. Therefore, glyphosate is predicted to be more
persistent than imazapyr in an estuarine environment.

In sum, due to the lower inherent toxicity of imazapyr to aquatic organisms, the ability
to use less toxic surfactants, the lower application rates, and the more rapid dissipation from the
environment, the use of an imazapyr herbicide in the estuarine environment presents an
improved risk scenario for aquatic and terrestrial animals over the use of glyphosate herbicides.

Adverse effects of imazapyr to directly sprayed non-target vegetation may be higher
compared to glyphosate due to the herbicide’s higher efficacy. These risks are particularly
pronounced for vascular plants. Because of the lower spray volumes used with imazapyr,
impacts due to drift may be lower.

6.4 Changes in Environmental Effects

The imazapyr herbicide Habitat® will be used on as many as 1,500 acres per year of tidal
wetlands for as many as four consecutive years to facilitate eradication of non-native Spartina.

Fewer adverse effects on aquatic and terrestrial animals are expected when using an
imazapyr herbicide as compared to a glyphosate herbicide. Potential adverse effects from their
combined use are also less than those expected for the use of a glyphosate herbicide alone. Due
to its higher efficacy, the use of imazapyr instead of glyphosate may result in potentially
increased adverse effects on non-target vegetation. In addition, effective Spartina eradication,
which requires little or no retreatment allows for recolonization of treated sites with native
species sooner than if multiple treatments have to be used over a number of years. Even so, it
can take a number of years for the ecosystem to restabilize itself after treatment with either
herbicide.
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The higher efficacy of imazapyr for control of Spartina may result in decreased impacts
due to potentially fewer applications over the years for the control of existing Spartina and a
better rate of control than could be achieved with glyphosate alone, which, in turn, would slow
the spread of Spartina through the Estuary. Fewer applications also imply fewer physical
adverse impacts to the estuarine ecosystem due to trampling, compaction of sediment, and so
forth.

6.5 Approaches to Minimize Increased Risk

The only potentially increased adverse effect due to the use of imazapyr instead of or in
combination with glyphosate is the increased risk to non-target vegetation. This effect can be
minimized by strictly adhering to the precautions identified in the Programmatic EIS/EIR and
adopted by the Conservancy as conditions of approval of the Spartina Control Program and
verified through the Conservancy’s adopted MMRP. For example, off-site drift would be
minimized by the adopted condition that requires ceasing application of imazapyr herbicides at
wind speeds exceeding 10 mph. Other mitigation measures proposed in the MMRP include,
for example, temporary covering of non-target vegetation with geotextiles, irrigation of
oversprayed non-target vegetation, and establishment of buffer zones. (See MMRP, pp. 6-11.)

6.6 Conclusions

The overall weight of evidence from this analysis suggests that imazapyr herbicides can
be a safe, highly effective treatment for control and eradication of non-native Spartina species in
the San Francisco Estuary, offering an improved risk scenario over the existing treatment
regime with glyphosate herbicides. Based on the evaluation presented in this report, it can be
concluded with reasonable certainty that the use of Habitat® (or any other imazapyr herbicide
for aquatic use) for the Spartina Control Program in the San Francisco Estuary, either by itself or
in combination with glyphosate, will not result in any significant impacts that were not already
identified in the Programmatic EIS/EIR for the use of glyphosate. From a CEQA perspective,
the potential significant impacts to biological resources, and human health and safety due to
imazapyr application, and mitigations required to reduce those impacts to less than significant
levels, are encompassed in those impacts and mitigations previously identified for glyphosate
application. Therefore, no additional mitigation is required for the use of imazapyr.
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Table A-1: Chemical description; degradation rates, products, and pathways; bioaccumulation ratings;
and advantages and disadvantages of imazapyr and glyphosate herbicides for estuarine use

Imazapyr Glyphosate
Trade Name Habitat® (Bayer Corporation) Rodeo® (Dow Chemical Company)
(Company) Aquamaster® (Monsanto Corporation)
Registration No. 81334-34-1 1071-83-6
Formulation Aqueous solution of isopropylamine salt of imazapyr plus Aqueous solution of isopropylamine salt of glyphosate;
acidifier; active ingredient: 28.7% isopropylamine salt of technical formulation contains 2,4-nitrosoglyphosate
imazapyr; equivalent to 22.6% imazapyr (“NNG”) impurity; active ingredient: 53.8% glyphosate
isopropylamine salt; equivalent to 48.0% glyphosate
Chemical name IUPAC: (RS)-2-(4-isopropyl-4-methyl-5-oxo-2-imidazolin-  IUPAC: N-(phosphonomethyl)glycine
2-yDnicotinic acid CAS: N-(phosphonomethyl)glycine

CAS: 2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-
1H-imidazol-2-yl]-3-pyridinecarboxylic acid

; o_  OH
Chemical formula T 7 y \P s
O M S | ;N—ch/ “on
/! cH,
CH,—CH N e o
by w07 o ||
a
Formula C13H15N303 C3H8N05P
Herbicide family Imidazolinone Organophosphorus
Mode of action Systemic, broad-spectrum (non-selective); Systemic, broad-spectrum (non-selective);
amino acid synthesis inhibitor, specifically, inhibits amino acid synthesis inhibitor; inhibits
acetohydroxyacid synthase (“AHAS”) aka acetolactase 5-enolpyruvylshikimate-3-phosphate synthase, needed by
synthase (“ALS”), the first enzyme in the synthesis of plants to synthesize chorismate, an intermediate
branched-chain aliphatic amino acids (valine, leucine, and = metabolic product in the synthesis of aromatic amino
isoleucine) and as a result inhibits protein synthesis and acids

cell growth

Molecular weight 261.28 g/mole imazapyr 169.08 g/mole glyphosate
320.42 g/mole imazapyr isopropylamine salt 228.22 g/mole glyphosate isopropylamine salt
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Table A-1 contd.: Chemical description; degradation rates, products, and pathways; bioaccumulation ratings;
and advantages and disadvantages of imazapyr and glyphosate herbicides for estuarine use

Imazapyr Glyphosate

Specific gravity 1.04-1.07 0.5

Minimum 1 hour 6 hours

drying time

Highest proposed 1.51ba.e./acre 10.8 Ib/acre

application rate

Rate of kill Very slow Relatively slow

Volatility Vapor pressure = 1.8x10-" mm Hg Extremely low vapor pressure, thus, negligible risk of
Henry’s Law constant of 7.1x10-77 atm m3/mole movement through volatility
No volatilization from dry soil surfaces; low volatilization
of imazapyr from water or moist soil surfaces.

Solubility Water: 11,272 mg/L Water: ~12,000 mg/L

Soil organic carbon
adsorption coefficient

Koc=8.81
Very low K. indicates low sorption potential.

Koc = 24,000
Very high K. indicates tight sorption to most soils,
suspended solids, and sediments in the environment.

Octanol/water
partition coefficient

Kow=022,13

Kow = 0.0003

Degradation Slow anaerobic microbial degradation. No degradation Primarily degraded by microbes and fungi in soil or
pathways under anaerobic conditions. Rapid photolysis in water. water, under both aerobic and anaerobic conditions.
Photodegradation in water and soil are not expected to
contribute significantly to glyphosate degradation.
Degradation Quinolinic acid Aminomethylphosphonic acid (“AMPA”); further
products degraded to carbon dioxide and phosphate.

Half-life in soil

ty, = 25-141 days

Average ty, = 32 days, based on 47 agricultural and
forestry studies. In most cases, >90% degraded within six
months after application.

Half-life in
benthic sediment

t, = <2 to 7 days

ti, = >3 to 12 months

Table A-1, page 2/3
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Table A-1 contd.: Chemical description; degradation rates, products, and pathways; bioaccumulation ratings;
and advantages and disadvantages of imazapyr and glyphosate herbicides for estuarine use

Imazapyr

Glyphosate

Half-life in water

No detectable degradation due to hydrolysis up to
30 days, pH 5-7
Average ty, = 1-4 days (photolysis)

ty, = 7-14 days

Bioaccumulation BCF =3; BCF in fish after 10-14 day exposure period = 0.2 to 0.3
Low potential for bioaccumulation Low potential for bioaccumulation in aquatic animals;
poorly absorbed when ingested by terrestrial mammals;
any absorbed glyphosate is rapidly eliminated resulting in
minimal tissue retention.
Advantages for — Rapid photolysis in water — Low leaching potential due to strong sorption to

estuarine use

— Shorter minimum drying time than glyphosate

— No adsorption to particles

— Formulation can be mixed with salt water

— Aerial applications require an order of magnitude
lower spray volumes than glyphosate

— Application is more cost-effective than application of
glyphosate

— Does not require use of non-ionic surfactants

soil/sediment particles

Disadvantages for
estuarine use

— Increased adverse effects to non-target emerged
vegetation due to higher efficacy on vascular plants

— Efficacy hindered by minimum drying time

— Inactivated by adsorption to sediment particles

— Formulation requires mixing with freshwater, which
is not readily available

— Aerial applications require large spray volumes,
which require frequent refilling of helicopter tanks

— Application is expensive

— Requires use of non-ionic surfactants

Table A-1, page 3/3
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Table A-2: Chemical properties, environmental fate, general toxicity rating, and toxicity of adjuvants

Adjuvant Degradation General Toxicity
(Manufacturer) Ingredients! Chemical Properties | Pathways Toxicity Rating (lowest reported)
Non-ionic Surfactants (“NIS”)
R-11°® (surface activator) 80% octylphenoxy — soluble in lipid and Slowly biodegraded by Mammals: practically 96-hr LCso, rainbow trout 3.8 ppm?
(Wilbur-Ellis Company) polyethoxyethanol, water progressive shortening of | non-toxic orally, mild 96-hr LCs, bluegill sunfish 4.2 ppm?
20% butanol and — flammable ethoxylate chain; skin irritation possible | 96-hr LCso, juvenile rainbow trout 6 ppm?®

compounded silicone

— specific gravity = 1.0

intermediate breakdown
products of polyethylene
glycol (anti-freeze) and
short-chain ethoxylates

Fish: Moderately toxic
Other aquatic biota:
slightly toxic

48-hr LCso, Daphnia spp. 19 ppm?
LDso oral, rabbit >5,840 mg/kg?
LDso dermal, rabbit >5,000 mg/kg?

X-77® (spreader activator) | Alkylarylpoly (oxy- — soluble in lipid and Slowly biodegraded by Mammals: practically 96-hr LCso, rainbow trout 4.2 ppm?
(Valent Corp.) ethylene) glycols, free fatty water progressive shortening of | non-toxic orally 96-hr LCs, bluegill sunfish 4.3 ppm?
acids, isopropyl alcohol — flammable ethoxylate chain; Fish and other aquatic 48-hr LCso, Daphnia spp. 2 ppm?

intermediate breakdown | biota: moderately toxic | LDso oral, rabbit >5,000 mg/kg?
products of polyethylene LDso dermal, rabbit >5,000 mg/kg?
glycol (anti-freeze) and
short-chain ethoxylates

Liberate® (penetrating Phosphatidylcholine — emulsifiable Biodegradation presumed | Mammals: practically 96-hr LCso, rainbow trout 17.6 ppm!

surfactant, deposition and
drift control agent)

(lecithin), methy] esters of
fatty acids, alcohol

— specific gravity = 0.976

rapid due to natural
lecithin ingredients

non-toxic orally,
moderate skin irritation

NOEC, rainbow trout 12.5 ppm!
48-hr LCso, Daphnia magna 9.3 ppm?

(Loveland Industries, Inc.) | ethoxylate possible NOEC, Daphnia magna 7.5 ppm?
LDsp oral, rat >5,000 mg/kg!
LDso dermal, rat >5,000 mg/kg!
LI-700® (wetting and Phosphatidylcholine — emulsifiable Biodegradation presumed | Mammals: practically 96-hr LCso, rainbow trout 17 ppm?

penetrating surfactant)
(Loveland Industries, Inc.)

(lecithin), methylacetic
acid, alkyl polyoxyethylene
ether

— not flammable
— specific gravity = 1.03

rapid due to natural
lecithin ingredients

non-toxic orally, causes
skin and eye irritation
Fish and other aquatic
biota: practically non-
toxic

24-hr LCso, rainbow trout 22 ppm?
96-hr LCs, juv. rainbow trout 700 ppm?®
96-hr LCs, bluegill sunfish 210 ppm?
48-hr LCso, Daphnia spp. 170 ppm3

LDsp oral, rat >5,000 mg/kg?

LDso dermal, rat >5,000 mg/kg?

Cygnet Plus
(Cygnet Enterprises)

75% d-limonene and
related isomers,

15% methylated vegetable
oil, 10% alkyl hydroxypoly
oxyethylene; manufactured
from natural limonene

— flammable
— specific gravity = 0.87

Mammals: causes skin
and eye irritation;
Fish: slightly toxic
Other aquatic biota:
moderately toxic

NOEC, Ceriodaphnia dubia 3.0 ppm*
96-hr LC50 Ceriodaphnia dubia 6.6 ppm*
NOEC, rainbow trout 30 ppm?*

96-hr LC50, rainbow trout 45 ppm*
NOEC, fathead minnow 15 ppm*

96-hr LC50, fathead minnow ppm?*

Esterified Seed Oils (“ESOs”) or Mehylated Seed Oils (“MSOs”)

Competitor®
Wilbur-Ellis Company)

Ethyl oleate, sorbitan alkyl
polyethoxylate ester,
dialkyl polyoxy-ethylene
glycol

— soluble in water
— combustible
— specific gravity = 0.9

Fish: slightly toxic
Other aquatic biota:
practically non-toxic

96-hr LCs, rainbow trout 95 ppm?
48-hr LCso, Daphnia spp. >100 ppm?
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Table A-2 contd.: Chemical properties, environmental fate, general toxicity rating, and toxicity of adjuvants

Adjuvant
(Manufacturer)

Ingredients!

Chemical Properties

Degradation
Pathways

General
Toxicity Rating

Toxicity
(lowest reported)

Crop Oil Concentrates (“COC”)

Agri-Dex® (wetting and
penetrating agent)
(Helena Chemical
Company)

Proprietary; heavy range
paraffin-based petroleum
oil with polyol fatty acid
esters and
polyethoxylyated
derivatives

— dispersible in water as
micelles
— moderately flammable

Biodegradation presumed
rapid

Mammals: practically
non-toxic through oral
ingestion, mild skin and
eye irritant; Fish and
other aquatic biota:
practically non-toxic

96-hr LCso, rainbow trout 271 ppm?
24-hr LCso, rainbow trout 386 ppm?
96-hr LCs, juv. rainbow trout 271 ppm?®
48-hr LCso, Daphnia spp. >1,000 ppm3
LDsp oral, rat 5,010 mg/kg?

LDso dermal, rabbit >2,020 mg/kg?

Silicone-based Surfactants

Dyne-Amic® (activator,
spreader-sticker, wetting
and penetrating agent,
buffer)

(Helena Chemical
Company)

Organosilicone ,
methylated vegetable oil

Fish and other aquatic
biota: slightly toxic

96-hr LCso, rainbow trout 23.2 ppm?
48-hr LCso, Daphnia spp. 60 ppm?

Kinetic® (spreader-sticker, | Organosilicone, Fish and other aquatic 96-hr LCs, rainbow trout 13.9 ppm?
wetting agent) polyoxypropylene- biota: slightly toxic 48-hr LCso, Daphnia spp. 60.7 ppm?
(Helena Chemical polyoxyethylene

Company) copolymer

Colorants

Blazon® Spray Pattern
Indicator “Blue”
(Milliken Chemical)

Proprietary; 30% non-ionic
polymeric colorant,
70% water

— pH=70
completely soluble in
water

specific gravity = 1.07
mildly acidic

Mammals: practically
non-toxic orally; mild
skin irritant; not
mutagenic

LDso rat >5,000 mg/kg!

1 Manufacturer specimen labels
2 Referenced in Entrix 10/03.

3 Erik Johansen, Washington State Department of Agriculture, Memorandum Re: Summary of Acute Toxicity Data for Five Spray Adjuvants, February 4, 2004.

4 Pacific Ecorisk, An Evaluation of the Acute Toxicity of “CYGNET PLUS” to Ceriodaphnia dubia (water flea), Oncorhynchus mykiss (rainbow trout), and Pimephales promelas (fathead
minnow), December 10, 2004.

5 King et al. 2004.

Table A-2, page 2/2
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Table A-3a: Imazapyr herbicide mixture component concentrations and application rates
for treatment of non-native Spartina in San Francisco Estuary

Application Method  Spray Volume Formulation Active Ingredient! Surfactant? Colorant
. 0 . 0.25% v/v NIS with 270% a.i.;
E;iggeﬁgl?ia or 100 gal/acre Oié—o.ﬁf/igloutlsln 1-1.51b a.e./acre ~1% v/v MSO, ESO, or VOC; 3 qt/100 gal
pray P 5 SBS according to label
. o . 0.25% v /v NIS with 270% a.i.;
SLOrVZ";‘;lume directed 55 a1 /acre 10'273'}1'5 i/;fso/l;(;lozl 03-06lbae/acte  ~1%v/vMSO, ESO, or VOC; 3 qt/100 gal
pray AP 5 SBS according to label
o . 0.25% v/v NIS with 270% a.i.;
ilol_?iC:St Tiii?;rrl/ 10-30 gal/acre E'S-izl'fsflsoci;%uog 0.5-1.51b a.e./acre ~1% v/v MSO, ESO, or VOC; 0.5-1.5 qt/acre
PP p & SBS according to label

1 Active ingredient in Habitat® is imazapyr isopropylamine salt; values expressed as imazapyr acid equivalent

2 NIS = non-ionic surfactant; MSO = methylated seed oil; ESO = esterified seed oil; VOC = vegetable oil concentrate, SBS = silicone-based surfactant, %v/v = percentage based on
volume by volume

Table A-3b: Glyphosate herbicide mixture component concentrations and application rates
for treatment of non-native Spartina in San Francisco Estuary

Application Method Spray Volume Formulation Active Ingredient: Surfactant?*

Colorant
High volume 1-2% solution o . o
handheld sprayer 100 gal/acre 1-2 gal /100 gal 4-81b a.e./acre 20.5% v/v NIS with 250% a.i. 3 qt/100 gal
Low-volume 25200 gal/acre Lo solution 4o 1 g lbsae/acre  20.5% v/v NIS with 350% ai. 3 qt/100 gal
directed sprayer & 1-8 gal /100 gal ' ' o R e 1 &
Broadcast sprayer/ 7-40 gal/acre/ . o . o
Aerial application 7-20 gal /acre 4.5-7.5 pints/acre 2.25-3.751b a.e./acre 20.5% v /v NIS with 250% a.i. 0.5-1.5 qt/acre

1 The active ingredient in Rodeo® and Aquamaster® is glyphosate isopropylamine salt; values are expressed as glyphosate acid equivalent
2 NIS = non-ionic surfactant, %v/v = percentage based on volume by volume
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Table A-4: Worst-case concentration of imazapyr herbicide dissolved in leading edge of incoming tide
Assumptions

Worst-case occurs on the leading edge of lateral flow from overtopped channel through an herbicide-treated marsh

Herbicide was uniformly sprayed across the entire marsh surface (but not in channels) at an application rate r = 15.6 mg a.e./sqft
The herbicide applied on a unit area (1 sqft) is therefore mass m = 15.6 mg a.e.

The herbicide dissolves completely in the incoming water

A percentage, p, of the herbicide sticks to the vegetation canopy, and does not dissolve in the first one foot of flow depth
Incoming tidal water overbanks channel and flows laterally across the surface of the marsh to a maximum distance D

Water flow across marsh (after it leaves channel) has a uniform depth d = 1ft

A percentage, s, of the active herbicide that was deposited onto the sediment surface dissolves into the water column

The dissolved herbicide is instantly fully dissolved in the first unit volume that flows through

No evaporation

No rain or other input of fresh water

Application rate
Habitat® label application rate: 4-6 pints per acre Label indicates 2 pounds imazapyr acid equivalents per gallon Habitat®
6 pints/acre 1.5 b a.e./acre
= 0.75 gal/acre = 15.61 mga.e./ft’

Variables (p, D, and s can be varied):

r= 15.61 mga.e./ft’ Herbicide application rate
m= 15.61 mg a.e. Initial mass of herbicide per unit area (per 1 t%)
p= 0% Percentage of applied herbicide that is absorbed into vegetation canopy
= 1 ft Depth of water flow across marsh (1 ft allows unit volume calculations)
= 100 ft Distance of lateral flow across the marsh surface”
s= 60% Percentage of herbicide reaching the sediment that resuspends into water column
C= ? Concentration of herbicide in water column (mg a.e./ ft)
Equationb . . .
C=m x (1-p) x D x s = (mass per unit area) x (1-percent absorbed by plant canopy) x (percent dissolved in water column) x
(number of units through which water flows)
Computed Concentration C = m 1-p D s = 937 mg/ft’
15.61 100% 100 60% 33.1 mgyliter
Notes

a) Most Spartina infested marshes in the San Francisco Estuary that will become inundated by tidal water in the days following imazapyr application have a multitude of channels
throughout the marsh that will transport water directly from the San Francisco Bay before overbanking and causing lateral flow across the marsh. In these marshes there would be a
maximum of 100 feet of lateral flow through sprayed marsh before meeting with another flow.

b) Calculation does not take into account potential decay during period of time between spraying and water inundation nor any decay that might occur in water column once the
herbicide is resuspended from sediment.
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Table A-5: Ecotoxicity categories for acute toxicity of pesticides to wildlife!

Mammals Birds

Acute Oral or Acute Inhalation Acute Oral Acute Inhalation
Toxicity Category Dermal LDs (mg/kg) LCs (ppm) LDsp (mg/kg) LCs (ppm)
Very highly toxic <10 <50 <10 <50
Highly toxic 10-50 51-500 10-50 50-500
Moderately toxic 51-500 501-1000 51-500 501-1,000
Slightly toxic 501-2,000 1001-5000 501-2,000 1,001-5,000
Practically non-toxic >2,000 >5,000 >2,000 >5,000

Table A-6: Ecotoxicity categories for acute toxicity of pesticides to aquatic organisms!

Fish or Aquatic Invertebrates
Toxicity Category Acute Concentration
LCs (mg/L)

Very highly toxic <0.1

Highly toxic 0.1-1

Moderately toxic >1-10

Slightly toxic >10-100

Practically non-toxic >100

Table A-7: Ecotoxicity categories for acute toxicity of pesticides to insects!

. . Concentration
Toxicity Category (ug/bee)
Highly toxic <2
Moderately toxic 2-11
Practically non-toxic >11

1U.S. EPA, Technical Overview of Ecological Risk Assessment, Analysis Phase: Ecological Effects Characterization, September 28, 2004.
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Table A-8: Toxicity of imazapyr to mammals

Animal  Administration Testing Facility
Test Substance Species  Route Gender LDs, or EDsp Effect3 (Reporting Year)
Rat oral 3 >5,000 mg/kg b.w. NOEL . '
? >5,000 mg/kg b.w. NOEL American Cyanamid
C 1983)!
. Rabbit dermal 3 >2,000 mg/kg b.w. NOEL ompany (1983)
Imazapyr technical Q >2,000 mg/kg b.w. NOEL
Rat inhalator J >1 ppm ND Food and Drug Research
y Q >1 ppm ND Laboratories (1983)!
(analytical)
AC 243,997 (93% pure) Rat inhalation 349 >1.3 ppm L Voss et al. (1983)2
oral 3 >10,000 ppm diet DA
Q >10,000 ppm diet DA
DA, B, A,S,
3 4,200 mg/kg b.w. CY, C,
intraperitoneal DBW
Rat P DA, B, A, S,
Q 3,700 mg/kg b.w. CY, C,
DBW
subcutaneous 3 >5,000 mg/kg b.w. DA
Imazapyr Q >5,000 mg/kg b.w. DA Medical Scientific
isopropylamine 3 >2,000 mg/kg b.w. NOEL
. dermal Research, Laboratory
technical Q >2,000 mg/kg b.w. NOEL (1983)!
(49.3% a.i.) oral 3 >10,000 mg/kg b.w. DA
? >10,000 mg/kg b.w. DA
DA, B, A,S,
3 3,450 mg/kg b.w. CY, C,
. . DBW
Mouse 1ntraper1toneal DA, B, A, S,
Q 3,000 mg/kg b.w. CY, C,
DBW
3 >5,000 mg/kg b.w. DA, B,S
subcutaneous Q >5,000 mg/kebw. DA, B, S
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Table A-8 contd.: Toxicity of imazapyr to mammals

Animal  Administration Testing Facility
Test Substance Species  Route Gender LDs, or EDsp Effect3 (Reporting Year)
3 >5,000 mg/kg b.w. DA American Cyanamid
Rat oral X
? >5,000 mg/kg b.w. DA Company (1983)
Mouse oral 3 >5,000 mg/kg b.w. DA American Cyanalnnd
Imazapyr ? >5,000 mg/kg b.w. DA Company (1986)
isopropylamine . 3 >2,148 mg/kg b.w. NOEL American Cyanamid
(25% a.i.) Rabbit  dermal o >2,148 mg/kg b.w. NOEL  Company (1983)!
Rat inhalator J 202 NOEL Food and Drug Research
y Q >0.2 (analytical) NOEL Laboratories (1983)!
Arsenal® 4-AS Rat inhalatory 3+2 >4.62 ppm L (}1131;6})1? an & Moore
Chopper®RTU (NOS)  Rat inhalatory 3+2 >3.34 ppm L Werley (1987)2
1 cited in Entrix 10/03.

2cited in SERA 12/04, Appendix 1

3 Acronyms: A = ataxia (loss of ability to coordinate muscular movement); B = blepharoptosis (drooping of upper eyelid); b.w. = body weight; C = convulsion;

CY = cyanosis (bluish discoloration of skin and mucous membranes resulting from inadequate oxygenation of blood); DA = decreased activity; DBW = decreased body
weight; EDso = dose causing 50% inhibition of a process; L = lethality; LDso = lethal dose, 50% kill; ND = nasal discharge; NOEL = no-observable-effect level (no toxic
signs); NOS = not otherwise specified; S = sedation
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Table A-9: Toxicity of imazapyr to birds

Test
Test Substance  Species (Observed Effect) Result*
LDso, 18-weeks dietary i;(g)gomn;gl%i 1;;31) (i;ft
NOEL, 18-weeks dietary 182%% mg// 11<<g I{)IDT
Northern bobwhite quail >5000mg 1% CIN 't
LDso, 5-day acute dietary 674 mn;%ig%) vize
Arsenal® NOEL, 5-day acute dietary E%(;Z ﬁg//llig Il;I?VT
(identical with — I§ - E ;iie.t
Habitat® LDso, 18-weeks dietary 200 mg% kg%) W
NOEL, 18-weeks dietary 1%%% mgélf(g ilet
Mallard duck mg/Kg W
. >5000 mg/kg diet
LDso, 5-day acute dietary ~674 mg/ kg b.w
NOEL, 5-day acute dietary o0 r;g 1;2 HDT

* Fletcher 1983a, 1983b, Fletcher et al. 1984a, 1984b, 1984c, 1984d, 1995a, 1995b; all in SERA 12/04, Appendix 3
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Table A-10: Toxicity of imazapyr and imazapyr herbicide/surfactant mixtures to fish

Test Substance + Surfactant Animal Species Test Result Reference
0 —
Azlés;{;a! Herb1c1di Hast 96-hr LCsp 113 ppm surfactant
(28.7% imazapyr) + Hasten Smith et al. 20021
Arsenal®Herbicide 96-hr LC 479 ppm surfactant
(28.7% imazapyr) + Agri-Dex® Rainbow trout, juvenile > PP
Arsenal® Herbicide (Oncorhynchus mykiss) 77,716 ppm of concentrate ~ Grue 2003!
o 96-hr LC50 .
(28.7% imazapyr) 22,305 mg imazapyr a.e.,/L.  Kingef al. 2004
® 43,947 f trat
Arsenal® Concentrate 96-hr LCsy ppn} ot concentrate - 16 20031
(53.1 a.i. imazapyr) 23,336 mg imazapyr a.e./L
AC 243,997 with Cohle & McAllister
isopropylamine in water 96-hr LG >1000 mg/L 1984a?
Arsenal® Herbicide Bluegill sunfish Cohle & McAllister
(22.6% purity) (Lepomis macrochirus) 96-hrLCso 180 mg/L 1984b2
AC 243,997 Kintner & Forbis
(99.5% purity) 96-hrLCx  >100 mg/L 1983a2
Rainbow trout
(Salmo gairdneri)
Channel catfish Peoples 19842
Imazapyr NOS (Ictaluras punctatis) 96-hrLGCso >100 mg/L Gagne et al. 19942
Bluegill sunfish
(Lepomis macrochirus)
Arsenal® Herbicide Cohle & McAllister
(22.6% purity) 96-hr LG 110 mg/L 1984c?
Rainbow trout
® . , .
Arsenal® Herbicide (Salmo gairdreri) 96-hr LG50 >110 mga.e./L Drotter et al. 19952

(21.5% purity)
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Table A-10 contd.: Toxicity of imazapyr and imazapyr herbicide/surfactant mixtures to fish

Test Substance + Surfactant Animal Species Test Result Reference
NOEC 120 mga.i./L
éiﬁf;’;ggs) LOEC >120 mg/L Drotter et al. 19982
Fathead minnow g/éAdTC >120 mg/L
Pimephales promelas ~day i
AC 342,997 (Pimephales p ) NOEC >118 mga.i./L
0 . >118 mg a.i./L Drotter et al. 19992
(99.6% purity) LOEC >118 i/L
MATC mg a.i.
Atlantic silverside
gg 52;3'93; ) (marine) 96-hrLCsy 184 mg/L Manning 198922
=% purity (Menidia menidia)
24-hr LCsp 4,670 pg/L
Nile tilapia 48-hr LCso 4,630 pg/L
(Tilapia nilotica) 72-hr LCsp 4,610 png/L Supamataya et al.
Imazapyr NOS 96-hr LCs 4,360 pg/L 19812
Silver barb 24-hr LG5 2,706 pg/L
(Barbus genionotus) 96-hr LG5 2,706 pg/L
1 cited in Entrix 10/03
2 cited in SERA 12/04

Abbreviations: LCso = lethal concentration, 50% kill; LOEC = lowest-observable-effect concentration; MATC = maximum allowable toxicant concentration;

NOEC = no-observable-effect concentration (no toxic signs); NOS = not otherwise specified

Table A-10, page 2/2
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Table A-11: Toxicity of imazapyr and imazapyr/surfactant mixtures to aquatic invertebrates

Test Substance Species Test Result Reference
(observed effect)
Arsenal® Applicator’s . . .
Concentrate Freshvyater benthic In-situ microcosm >18.4 mg/L (HDT) Fowlkes et al. 2003
. macroinvertebrates NOEC, (D, BM)
(479 g imazapyr a.e./L)
Arsenal®Herbicide NOEC 180 mg/L . )
(22.6% purity) 48-hr LCs 350 mg/L Forbis et al. 1984
®
Arse.nal B Freshwgter water flea 48-hr LCsy 79.1 mg imazapyr a.e./L
+ unidentified surfactant  (Daphnia magna) .
- Cyanamid 19971
NOEC 40.7 mg imazapyr a.e./L
48-hr ECs (?) 373 mg imazapyr a.e./L
A 1® Eastern oyster ECs (G) >132 mg imazapyr/L
rsena (Crassostrea virginica) NOEC >132 mg imazapyr/L (HDT) )
Pink shri ) Mangels & Ritter 2000?
Ink shrimp ECso (9) >132 mg imazapyr/L
(Penaeus duorarum) % >132 mg imazapyr/L (HDT)
Freshwater water flea .
l(?;lffézlg; (Daphnia magna) 421;1:1}5 ESSO 388 Eg ;Ezzzpyi Z'E';E Kintner & Forbis 19832
(<24 hours old) %0 & pyra.e.
AC 243,997 Freshwater water flea 7,14, 21-day NOEC 97.1 mg/L (HDT, MATC) . )
(99.5% a.i) (Daphnia magna) (S/R/G) Manning 1989
AC 243,997 Grass shrimp ) BCF <1 (not calculable) Drotter et al. 19962
(purity NOS) (Paleomonetes pugio)
purty BCF <1 (not calculable) Drotter et al. 19962
AC 243,997 Eastern oyster )
(99.6% purity) (Crassosstrea virginica) EG0(G) >132 mg/L Drotter et al. 1997
AC 243,997 96-hr ECs (G) >173 mg/L Ward 19892

(99.5% purity)

1 cited in Entrix 10/03

2 cited in SERA 12/04, Appendix 4

Abbreviations: BM = biomass, D = deformity, S = survival; R = reproduction; G = growth; HDT = highest dose tested;
MATC = maximum allowable toxicant concentration
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Table A-12: Toxicity of imazapyr and imazapyr/surfactant mixtures to non-target aquatic vegetation

Test
Test Substance  Species (Observed Effect) Result Reference
Green algae ECs (G) 71 mg/L Hughes 19872
(Selenastrum capricornutum) ECos (G) 78 mg/L Mangels & Ritter 2000!
Freshwater diatom ECso (G) >59 mg/L . X
(Navicula pelliculosa) ECx (G) >59 mg/L Mangels & Ritter 2000
Saltwater diatom ECso (G) 85 mg/L )
Technical grade  (Skeletonema costatum) ECys (G) 422 mg/L Hughes 1987
imazapyr Blue-green algae ECso (G) 117 mg/L . X
(Anabaena flos-aquae) ECys (G) 73 mg/L Mangels & Ritter 2000
Green algae . )
(Chlorella emersonii) ECs (G) 0.2mg/L Landstein et al. 1993
Duckweed ECs (G) 0.024 mg/L )
(Lemna gibba) ECy (G) 0013 mg/L  |lughes1987
ECos (G shoots) 0.013 mg/L
ECso (G shoots) 0.032 mg/L
Common water milfoil EC»s (# roots) 0.022 mg/L )
(Myriophyllum sibiricum) ECso (# roots) 0.029 mg/L Roshon et al. 1999
Arsenal®+ ECos (G roots) 0.0079 mg/L
unidentified ECs (G roots) 0.0099 mg/L
surfactant Green algae ECso (G) 14.1 mg/L ) )
(Selenastrum capricornutum) ECys (G) 8.36 mg/L Mangels & Ritter 2000
Duckweed LG 24 ppb Mangels & Ritter 2000
(Lemna gibba) ECs0 (G) 00216 mg/L \r- 1 2els & Ritter 20001
8 EC» (G) 0.0132 mg/L 5
! cited in Entrix 10/03.

2 cited in SERA 12/04, Appendix 4.

Abbreviations: S = survival; R = reproduction; G = growth; HDT = highest dose tested;
MATC = maximum allowable toxicant concentration
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Table A-13: Toxicity endpoints for risk quotient calculation and levels of concern for interpretation of risk quotients

Aquatic Mammals Birds Aquatic Non-endangered  Endangered
animals vascular plants plants plants
and algae
Assessment
Acute ECsp or LCso LDs oral LDs oral ECsp ECys seedling EC5 seedling
acute toxicity emergence and emergence and
vegetative vigor vegetative
vigor or NOEC
Chronic NOEC early- NOEC NOEC
life stage or full ~ 2-generation 21-week
life-cycle tests ~ reproduction reproduction
Levels of concern (risk quotient greater than)
Acute risk 0.5 0.5 0.5 1.0 1.0 1.0
Acute restricted use 0.1 0.2 0.2
Acute risk endangered species 0.05 0.1 0.1
Chronic risk 1.0 1.0 1.0

U.S. Environmental Protection Agency, Technical Overview of Ecological Risk Assessment, Analysis Phase: Ecological Effects Characterization and Risk Characterization,

September 28th, 2004.
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EXECUTIVE SUMMARY

The California State Coastal Conservancy (Conservancy) has prepared this Addendum to the
2003 Invasive Spartina Project, Spartina Control Program Final Programmatic Environmental
Impact Report (2003 FPEIR) to incorporate the use of a new aquatic herbicide, imazapyr, into the
Invasive Spartina Project’s (ISP) Spartina Control Program (SCP). The SCP is a control program
for several species of non-native, invasive cordgrasses (Spartina spp.) in the San Francisco Estu-
ary (Estuary). This Addendum includes an overview of the herbicide imazapyr, its use in the SCP,
and discusses to what degree its use on the currently anticipated acreage of infested cordgrass will
have the potential to cause new significant environmental impacts in the Estuary or to cause a
substantial increase in the severity of significant impacts previously identified in the 2003 FPEIR.

This Addendum is based on a detailed assessment of the risks of imazapyr herbicides, including
surfactants, on water quality, biological resources, and human health and safety. That assessment
concludes that the addition of imazapyr herbicides as a control tool under the SCP would not in-
crease, and in many areas would reduce, the impacts on water quality and ecological and human
health risks compared to glyphosate, the currently approved SCP herbicide, as described in the
2003 FPEIR. The assessment also confirmed that the SCP, as revised by the incorporation of
imazapyr, would have no [different effects than those described in the 2003 FPEIR on other
physical environmental impacts including geomorphology and hydrology, land use, aesthetics, air
quality, noise, cultural resources, and cumulative impacts.

Based on the analysis in this Addendum, no revisions are needed to the 2003 FPEIR because no
substantial changes in the proposed action relevant to environmental concerns have occurred, no
new significant impacts and no substantial increase in the severity of significant impacts previ-
ously identified in the 2003 FPEIR would result from the proposed changes included in the Pro-
ject, no substantial changes to environmental circumstances have occurred since the 2003 FPEIR
was certified in September 2003, and because no new information relevant to environmental con-
cerns bearing on the proposed action has come to light that would indicate the potential for new
significant impacts not discussed in the 2003 FPEIR.

Spartina Control Program FPEIR 1 Addendum
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1.0 Introduction

The California State Coastal Conservancy (Conservancy) prepared this Addendum to the 2003
Invasive Spartina Project, Spartina Control Program Final Programmatic Environmental Impact
Report® (2003 FPEIR) pursuant to the California Environmental Quality Act (CEQA) to incorpo-
rate the use of a new aquatic herbicide, imazapyr, into the Invasive Spartina Project’s (ISP)
Spartina Control Program (SCP or Project). The SCP is a control program for several species of
non-native, invasive cordgrasses in the San Francisco Estuary (Estuary). This Addendum includes
an overview of the herbicide imazapyr and its use in the SCP, and discusses to what degree its use
will have the potential to cause new significant environmental impacts on the Estuary.

1.1  Environmental Impact Report Background

The following subsections provide the background and timing of the 2003 FPEIR.

1.1.1 Notice of Preparation, Initial Study, and Scoping

Pursuant to the requirements of CEQA, the Conservancy issued a Notice of Preparation for a
Draft Programmatic Environmental Impact Report (DPEIR) for the Spartina Control Program on
April 6, 2001. This Notice of Preparation was sent to the State Clearinghouse in the State of Cali-
fornia Office of Planning and Research, which distributed it to applicable State agencies. An Ini-
tial Study also was prepared and a scoping meeting to solicit input on the proposed action and
alternatives was held on April 24, 2001.

1.1.2 Draft Environmental Impact Report

The Conservancy submitted the Draft PEIR (DPEIR) to the State Clearinghouse in May 2003.
The DPEIR was released at that time for a 47-day public review and comment period ending June
4, 2003. The State Clearinghouse circulated the DPEIR to all potentially interested state regula-
tory agencies and departments. Other organizations also received copies of the DPEIR directly
from the Conservancy. The Conservancy held four public meetings in May and June 2003 to ex-
plain and solicit public input on the Project and DPEIR.

1.1.3 Final Environmental Impact Report

The Conservancy received comments on the DPEIR from 16 entities by the close of the public
comment period. The Conservancy prepared responses to comments and distributed them to the
various entities. The Project’s FPEIR was completed in September 2003 and includes the fol-
lowing two volumes:

e Volume | — Final Programmatic Environmental Impact Report/Environmental Impact
Statement (including revised DPEIR and Comments and Responses)

o _Volume Il — Appendices (including Notice of Preparation, Initial Study, technical appen-
dices, and Mitigation Monitoring and Reporting Program)

! The full document title is: San Francisco Estuary Invasive Spartina Project, Spartina Control Program,
Final Programmatic Environmental Impact Statement/Environmental Impact Report, September 2003. This
Addendum to the Environmental Impact Report was prepared pursuant to the California Environmental
Quality Act. The Environmental Impact Statement prepared pursuant to the National Environmental Policy
Act has been determined by the federal Lead Agency (U.S. Fish and Wildlife Service) to be adequate as
written.

Spartina Control Program FPEIR 2 Addendum
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This two-volume document is available under separate cover and is located on the web at
www.spartina.org. A complete administrative record of the EIR process is located at Conser-
vancy offices at 1330 Broadway, Suite 1100, Oakland, California, 94612.

1.1.4 Certification

The State Coastal Conservancy, as the lead agency under CEQA, read and considered the
information contained in the 2003 FPEIR. The Conservancy certified the 2003 FPEIR on
September 25, 2003. The Conservancy filed a Notice of Determination with the State of Cali-
fornia Office of Planning and Research on September 26, 2003.

1.2 CEQA Guidelines for Preparing an Addendum

The CEQA Guidelines identify the decision making process the Conservancy should use to de-
termine the type of CEQA document appropriate for this modification to the 2003 FPEIR
(815164(a) and §15162). The CEQA Guidelines (815164(a)) specify that the lead agency shall
prepare an addendum to a previously certified EIR if some changes or additions are necessary,
but none of the conditions described in Section 15162 calling for preparation of a subsequent EIR
have occurred. According to Section 15162, a subsequent EIR shall not be prepared for the Pro-
ject unless the Conservancy determines, based on substantial evidence in light of the whole re-
cord, that one or more of the following conditions are met:

e Substantial changes are proposed to the Project which will require major revisions to the
2003 FPEIR due to the involvement of new significant environmental effects or a sub-
stantial increase in the severity of previously identified significant effects;

e Substantial changes occur with respect to the circumstances under which the Project is
undertaken which will require major revisions to the 2003 FPEIR due to the involvement
of new significant environmental effects or a substantial increase in the severity of previ-
ously identified significant effects; or

¢ New information of substantial importance, which was not known and could not have
been known with the exercise of reasonable diligence at the time the 2003 FPEIR was
certified as complete, shows any of the following:

— The Project will have one or more significant effects not discussed in the
2003 FPEIR;

— Significant impacts previously examined in the 2003 FPEIR will be substantially
more severe than shown in that FPEIR;

— Mitigation measures or Project alternatives previously found not to be feasible would
in fact be feasible, and would substantially reduce one or more significant impacts on
the environment, but the Conservancy declined to adopt the mitigation measure or al-
ternative; or

— Mitigation measures or Project alternatives which are considerably different from
those analyzed in the 2003 FPEIR would substantially reduce one or more significant
impacts on the environment, but the Conservancy declined to adopt the mitigation
measure or alternative.

Additionally, should the Conservancy determine that one or more of the conditions noted above
apply; the Conservancy may also elect to prepare a supplemental EIR. Specifically, CEQA
Guidelines, Section 15163, specifies that the lead agency shall prepare a supplemental EIR rather
than a subsequent EIR if:

e Any of the conditions described in Section 15162 above would require the preparation of
a subsequent EIR, and

Spartina Control Program FPEIR 3 Addendum
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e Only minor additions or changes would be necessary to make the previous EIR ade-
quately apply to the ISP’s Spartina Control Program in the changed situation.

1.3  Tiering: CEQA Review for Site-specific Invasive Spartina Control
Projects

The 2003 FPEIR, as augmented by this Addendum, will be used as the basis for site-specific
CEQA analyses that will be prepared by the ISP for each proposed treatment site. Once detailed
treatment plans are developed for each proposed treatment site, including specific herbicide
treatment plans, CEQA assessments will be conducted to determine if the impact analysis and
mitigations in the 2003 FPEIR, as augmented by this Addendum, adequately address and mitigate
the site-specific impacts. Additional mitigation measures may be developed if appropriate to spe-
cific treatment sites and plans. In such cases, appropriate subsequent CEQA documentation and
findings will be prepared.

2.0 Project Description

The Invasive Spartina Project (ISP), Spartina Control Program (SCP or Project) is a program for
controlling the four species of non-native invasive cordgrasses (Spartina spp.) in the San Fran-
cisco Estuary (Estuary). The California State Coastal Conservancy (Conservancy) is the lead
agency under the California Environmental Quality Act (CEQA) for this program and has certi-
fied the Final Programmatic Environmental Impact Report in 2003 (2003 FPEIR). Existing treat-
ment methods for invasive Spartina species analyzed in the 2003 FPEIR include:

e Hand pulling and manual excavation

e Mechanical excavation and dredging

e Mowing, burning, pruning, and flaming
e Crushing and mechanical smothering

e Covering/blanketing

¢ Flooding and draining

o Herbicide application

The change to the Project is the addition of a new aquatic herbicide, imazapyr, and associated
adjuvants, i.e. surfactants and colorants, to the invasive Spartina control methods available to
the ISP. The purpose of this Addendum is to evaluate the potential impacts of adding this
new control method to the SCP.

At the time the 2003 FPEIR was certified, the only herbicides registered by the California Envi-
ronmental Protection Agency (CalEPA) for use in estuarine habitats were glyphosate-based
Agquamaster® and Rodeo®. Imazapyr was unavailable as a treatment method at the time because it
had not yet been registered for aquatic use in California. However, “Habitat® an aquatic imazapyr
formulation, was submitted to CalEPA’s Department of Pesticide Regulation (DPR) in February,
and it is expected to be approved for estuarine use in early summer 2005. The ISP would like to
add imazapyr to the SCP’s treatment options because it has been demonstrated to have several
benefits over the use of glyphosate, such as increased efficacy and fewer limitations on timing of
application, and, as described in this document, it has been found to have very minor potential
adverse effects on the environment.

When it becomes available for use, the ISP intends to use imazapyr in addition to other measures
already approved for use in the Project as described in Sections 2.1-2.3, below. Additionally, be-
cause of the extremely rapid spread of invasive cordgrasses since the 2003 approval of the Pro-
ject, imazapyr may be used on a cumulatively larger area than that originally envisioned in the
2003 FPEIR. That EIR assumed a net area of invasive cordgrasses in the Estuary of approxi-
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mately 500 acres. Current estimates of net areas infested with invasive cordgrasses have doubled
to approximately 1,000 acres (despite treatment of about 450 acres in 2004). The revised Project
could involve the application of imazapyr herbicides to as many as 1,500 acres of tidal wetlands
annually for up to four consecutive years.

2.1 Treating Sites with Imazapyr and Imazapyr/Glyphosate Mixtures

As described above, the revised Project would involve treating some or all of the sites currently
scheduled for treatment with glyphosate herbicides with imazapyr herbicide or gly-
phosate/imazapyr herbicide mixtures. Site-specific selection of control measures would continue
to follow the approach described on page 2-19 of the 2003 FPEIR, and summarized in Table 2-1.

As described in the 2003 FPEIR, treatment methods with herbicides may include manual spray-
ing (directed or broadcast), and aerial spraying from helicopters. Herbicide mixtures will be
sprayed onto target plant surfaces, either manually with backpack sprayers or with spray equip-
ment mounted on trucks, amphibious tracked vehicles, boats, or helicopters (broadcast sprayers or
directed spray apparatus; 2003 FPEIR, p. 2-13). In certain situations, pastes may be applied to cut
stems or solutions wiped or painted on foliage.

Imazapyr. Depending on the application method, Habitat® tank mixes will be applied with vary-
ing concentrations at 1 to 1.5 pounds of the active ingredient imazapyr (as acid equivalent) per
acre (Ib imazapyr a.e. /acre). High-volume handheld sprayers will typically use a spray volume of
100 gallons per acre (gal/acre). Low-volume directed sprayers will use about 20 gal/acre. The
aerial application with helicopters uses a low-volume tank mix of 10 to 30 gal/acre of a 2.5-7.5%
solution of Habitat®. The low spray volumes are necessitated by the relatively small helicopter
tank volume (~50 gallons), which would otherwise require frequent refilling. Helicopter applica-
tions are controlled via global positioning systems (“GPS”) and are therefore quite precise. Ap-
plications via helicopter result in a uniform, vertical deposition onto the plants. Application of
imazapyr herbicide would follow the same guidelines and precautions set forth in the Mitigation
Monitoring and Reporting Plan (MMRP) for the application of glyphosate herbicides.

Glyphosate. Compared to imazapyr, application of glyphosate requires considerably higher con-
centrations of the active ingredient to achieve high levels of efficacy. Depending on the applica-
tion method, the herbicide is applied at a rate of up to ~11 pound of the active ingredient gly-
phosate (as acid equivalent) per acre (Ib glyphosate a.e. /acre). Application methods, timing,
guantities, and mixtures of glyphosate herbicides evaluated in the 2003 FPEIR are described on
pages 2-12 through 2-18. Glyphosate herbicide mixture components, including surfactants and
colorants proposed for use in the Project, are described on pages 3.2-12 through 3.2-15 of the
2003 FPEIR

Imazapyr/Glyphosate Mixtures. According the product labels for Aquamaster® and Habitat®,
both products may be combined with other herbicides. The SCP may combine Aquamaster® and
Habitat® to achieve certain objectives. For example, because imazapyr is much slower acting than
glyphosate, it takes several weeks to months for damage to plants to become visible, potentially
precluding timely follow-up applications on spots that were missed. Research in Washington
State has found that glyphosate, which acts much faster, can be added to imazapyr mixtures to
serve as a brown-down? indicator.

The concentrations and application rates for mixtures of imazapyr, surfactant, and colorant pro-
posed to be used by the Project are shown in Table 1. Table 2, shows the concentrations and ap-
plication rates for mixtures of glyphosate, surfactants, and colorants currently used by the Project.
For glyphosate/imazapyr mixtures, the herbicide concentrations and application rates shown in

2 The term brown-down, or burn-down, refers to the visible effect of browning of leaves or the entire plant after appli-
cation of an herbicide.
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Tables 1 and 2 represent the maxima for each herbicide product. The exact herbicide solution
concentration, the choice of surfactants and colorants, and the determination of application rates
will be based on site-specific conditions and will be described in the Site-specific Plans (“SSPs”),
which are developed annually by the ISP.

Treatment Window. Similar to glyphosate application, imazapyr herbicides would be applied
mid-May through mid-November, to accommodate constraints described in the 2003 FPEIR, pp.
2-17 through 2-21. No changes are proposed to treatment windows or timing for imazapyr.

3.0 Environmental Setting

As described in the 2003 FPEIR, the areas to be treated are located in the tidal wetlands along the
margins of the San Francisco Estuary. The control program would be carried out within the nearly
40,000 acres of tidal marsh and 29,000 acres of tidal flats that comprise the shoreline areas of
Alameda, Contra Costa, Marin, Napa, San Mateo, San Francisco, Santa Clara, Solano, Sonoma,
and Sacramento Counties.

Of the approximately 70,000 acres of tidal wetlands and flats in the Estuary, invasive Spartina
species currently occupy approximately 1,000 acres (as of 2005), mostly in the Central and South
Bay subregions. Invasive Spartina species, primarily Atlantic cordgrass (S. alterniflora) and its
hybrids with the native cordgrass (S. foliosa) are spreading rapidly, and the ISP anticipates the
possible need to treat up to 1,500 acres annually for up to four consecutive years. The baseline
physical conditions in the Estuary are described in detail in Chapter 3 of the 2003 FPEIR.

4.0 Analysis of Environmental Impacts

In order to evaluate the potential impacts of use of imazapyr herbicides, the Conservancy re-
viewed the 2003 FPEIR to identify resource areas that might be affected by this change in the
Project. Because the overall scope of the Project has not changed, and the primary change is the
addition of another herbicide to the already permitted herbicide, the Conservancy determined that
this change would not have the possibility to alter the Project’s impacts on air quality, noise, land
use, visual quality, and cultural resources as presented for glyphosate in the 2003 FPEIR.

In order to determine if there were any possibility for imazapyr to result in increased or new sig-
nificant impacts to water quality, biological resources, and human health and safety that were not
previously identified in the 2003 FPEIR for the use of glyphosate, the Conservancy commis-
sioned a detailed evaluation of the use of this herbicide in the San Francisco Estuary (Leson &
Associates, May 2005). The evaluation presented in the Leson & Associates report regarding the
use of an imazapyr herbicide for control of non-native Spartina in the San Francisco Estuary was
based on the data, procedures, and findings of a standard ecological risk assessment for use of
imazapyr for control of non-native Spartina in an estuarine setting in Washington State and a
standard human health risk assessment for the use of imazapyr in forestry applications. In addi-
tion, the Leson & Associates report incorporated information from a comprehensive literature
search and review of publications on ecological impacts, toxicity, and fate and transport of ima-
zapyr and its formulations including adjuvants that could potentially be used with imazapyr. Ad-
ditional unpublished information was obtained from the ISP, industry representatives, research-
ers, and government.

The following discussion of environmental effects is summarized from that report, which is in-
cluded as Appendix D to this Addendum.

Spartina Control Program FPEIR 6 Addendum



Exhibit 5: Addendum to the ISP FEIS/R

Table 1: Imazapyr herbicide mixture component concentrations and application rates for treatment of non-native Spartina in the
San Francisco Estuary

Active Ingredient
Application Method  Spray Volume Habitat® Imazapyr* Surfactant** Colorant
. 0 . 1 qt/100 gal NIS with 270% a.i.;
High volume hand- 100 gal/acre ~ 0020-75% solution 1y 4y 5y 6 acre ~1% MSO or VOC; 3 qt/100 gal
held sprayer 4-6 pints/100 gal SBS according to label
. o . 1 qt/100 gal NIS with 270% a.i.;
Low-volume directed 20 gal/acre 0'75_1'5.% solution 0.3-0.61b a.e./acre ~1% MSO or VOC; 3 qt/100 gal
sprayer 1.2-2.4 pints/20 gal SBS according to label
0 . 1 qt/100 gal NIS with 270% a.i.;
Broz.adcast sPrayer/ 10-30 gal/acre 2'5-.7'5 % solution 0.5-1.51b a.e./acre ~1% MSO or VOC; 0.5-1.5 qt/acre
Aerial application 6 pints/10-30 gal SBS according to label

* Active ingredient in Habitat® is imazapyr isopropylamine salt; values expressed as imazapyr acid equivalent (a.e.) ** a.i. = active ingredient; NIS = non-ionic surfactant; MSO = me-
thylated seed oil; VOC = vegetable oil concentrate, SBS = silicone-based surfactant

Table 2: Glyphosate herbicide mixture component concentrations and application rates for treatment of non-native Spartina in the
San Francisco Estuary

Aquamaster® Active Ingredient
Application Method Spray Volume or Rodeo® Glyphosate* Surfactant** Colorant
High volume hand- 1-2% solution . .
- > >50% a.i.
held sprayer 100 gal/acre 1-2 gal /100 gal 4-81b a.e./acre >2 qt/100 gal NIS with 250% a.i 3 qt/100 gal
Low-volume di- 1-8% solution

25-200 gal/acre 1.35-10.8 Ibs a.e./acre =2 qt/100 gal NIS with 250% a.i. 3 qt/100 gal

rected sprayer 1-8 gal /100 gal

Broadcast sprayer/ 7-40 gal/acre/

-7.5 pi - > ith >50% ai.  0.5-1.
Aerial application 7-20 gal /acre 4.5-7.5 pints/acre 225-3751ba.e./acre 22 qt/100 gal NIS with 250% a.i. 0.5-1.5 qt/acre

* The active ingredient in Rodeo® and Aquamaster® is glyphosate isopropylamine salt; values are expressed as glyphosate acid equivalent (a.e.)
** ai. = active ingredient; NIS = non-ionic surfactant
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4.1  Effects of Use of Imazapyr Herbicides on Water Quality

Using the various application methods, herbicide mixtures will be directly onto the foliage or
stems of non-native Spartina during low tides when the sediment is exposed. Herbicide mixtures
may be directly released to surface waters when the incoming tide washes the remaining herbi-
cide mixture off the foliage and the exposed sediment. In the San Francisco Estuary rainfall is
unlikely to occur during the planned application season. The concentrations in water will be de-
termined by canopy interception of the applied herbicide, uptake into the plants, uptake into the
root zone, and aerial drift. The Leson & Associates report evaluated the fate of the herbicide in
water after application onto Spartina based on the herbicide’s physical/chemical characteristics
and the potential concentrations in water determined from theoretical models and results from
field dissipation studies. (See sections 3.1.6, 3.1.7,4.2.1, and 6.1.)

Under typical environmental conditions, imazapyr is highly soluble in water and does not adsorb
to sediment particles. In aquatic systems, it is not expected to biodegrade, and volatilization from
water or plant surfaces is insignificant. Residual imazapyr on the plants that has not completely
dried or did not get absorbed by the plants will be inundated by the incoming tide and presumably
solubilized. In water, imazapyr is subject to rapid photolysis with reported half-lives ranging from
3 to 5 days. In estuarine systems, dilution of imazapyr in the incoming tide will contribute to its
rapid dissipation and removal from the area where it has been applied. Studies in Washington,
which measured maximum concentrations after application of 1.5 Ib imazapyr a.e./acre, the
maximum application rate proposed by the ISP, onto a non-vegetated tidal mudflat, demonstrated
complete dissipation of imazapyr from the area within 40 hours from the water column and
within 400 hours from sediment.

One recent persistence study in Washington State investigated whether the herbicide would con-
centrate in the leading edge of the incoming tide as it moves over the treated site and continually
dissolves herbicide from the sediment. Imazapyr herbicide was applied at the manufacturer-
recommended rate of 1.5 Ib a.e./acre directly onto a non-vegetated mudflat at the upper intertidal
zone. The highest imazapyr concentration of 5.77 mg a.e./L, or 0.055 mg a.e./in> * was measured
in 1-inch deep water at the upper tidal edge of the site. The average maximum concentration from
three samples was 3.4 mg/L. (Patten 2003; Entrix 10/03, p. 61.) Thus, compared to the original
application of 1.5 Ib a.e./acre, or 0.11 mg a.e. onto a unit area of 1 square inch*, the measured
concentration in the first flush water was lower by a factor of about 2°. The concentration of ima-
zapyr in water collected 6 and 60 meters outside the treatment area was 99% lower than the
maximum water concentration collected at the edge of the treatment area. The highest measured
imazapyr concentration in sediment was 5.4 mg a.e./kg. As mentioned above, no residues could
be detected in water and sediment after 40 and 400 hours, respectively, with half-lives of <0.5
and 1.6 days, respectively, suggesting rapid dissipation of imazapyr from both water and sedi-
ment.

This information indicates that imazapyr is not environmentally persistent in the estuarine envi-
ronment and will not degrade the water quality of the San Francisco Estuary. There are no water
quality objectives for imazapyr in California; therefore, the water quality considerations for ima-
zapyr are associated with toxicity, which is addressed in the following section.

3(3.4mg/L) / (61in3/L) = 0.055 mg/in’
4(1.51b/acre) x (453,592 mg/1b) / (6,272,640 in2/acre)= 0.108 mg/in?
5(0.055 mg/in%) / (0.11 mg/in?) =1.94/in

Spartina Control Program FPEIR 8 Addendum



Exhibit 5: Addendum to the ISP FEIS/R

4.2  Effects of Use of Imazapyr Herbicides on Biological Resources

The San Francisco Estuary provides a number of different salt marsh habitats, including tidal
brackish marsh, estuarine beaches, brackish lagoons, and tidal salt marsh pans and ponds. These
habitats support diverse, species-rich intertidal and subtidal ecological communities, including
several species of concern, some listed as threatened or endangered (T&E) under the Federal En-
dangered Species Act (ESA). (For a detailed description of the biological communities and a list-
ing of the species of concern, consult the 2003 FPEIR, Section 3.3.1 and Appendix F.) Estuarine
plants, algae, animals, and bacteria are all potential receptors for exposure to herbicides. Humans
are also potential receptors, particularly herbicide applicators, but also people who live or work
close to marshland or who use treated marshland for recreation.

Application of imazapyr would be executed in the same way as glyphosate applications, i.e. with
ground-, boat- or helicopter-based spray applications. Therefore, the ecological receptors and
species of concern occurring in the marshes in the San Francisco Estuary where imazapyr would
be used to control non-native Spartina are identical to those identified for the application of gly-
phosate in Section 3.3.1 of the 2003 FPEIR. The Leson & Associates report evaluated realistic
exposure scenarios for all ecological receptors following application of an imazapyr herbicide
onto non-native Spartina in the San Francisco Estuary ecosystem, taking into account local condi-
tions and species of concern. The report evaluated the potential risks based on levels of concern
for not-endangered as well as endangered species specified in the U.S. Environmental Protection
Agency’s guidelines for ecological risk assessment. (Section 4.5.1 through 4.5.7.)

Mammalian wildlife could be exposed to imazapyr through dermal, oral (ingestion) or inhalation
routes. The dietary route is considered the most likely. The oral and dermal toxicity of imazapyr
to mammals is categorized as practically non-toxic. Based on the evaluated exposure scenario, the
only potentially significant risk was identified for a spill scenario that assumed ingestion of undi-
luted spray solution by mammalian wildlife. This risk scenario is highly unlikely because best
management practices set forth in the MMRP would ensure immediate clean-up of the spill and
because the disturbance created by the cleanup efforts would discourage wildlife use of the area.
Risks to mammals from exposure to imazapyr following treatment of Spartina are therefore con-
sidered insignificant.

Exposure to birds may occur via ingestion, contact, and inhalation. None of the acute or chronic
exposure scenarios was significant to birds with the exception of the drinking water spill scenario.
Again, the spill scenario modeled is unlikely to be realized in the field. Risks to birds from expo-
sure to imazapyr following treatment of Spartina are therefore considered insignificant.

Based on exposure calculations for a worst-case exposure scenario (spraying tank mix directly
onto insects) and the reported toxicity to bees (practically non-toxic), the risk to insects from ex-
posure to imazapyr following treatment of Spartina is considered insignificant.

No studies regarding the toxicity of imazapyr to reptiles and amphibians were found in the litera-
ture and a formal risk calculation could not be conducted. However, amphibians can not tolerate
the salinity levels found in areas where non-native Spartina occurs and are therefore not at risk.
The life history of those reptiles that might occur in the Estuary suggests that their exposure is
unlikely. The risks to reptiles and amphibians following treatment of non-native Spartina with
imazapyr herbicides are therefore considered insignificant.

Imazapyr is practically non-toxic to fish; however, the use of surfactants in the tank mixture may
greatly increase the toxicity of the formulation to aquatic organisms as evidenced by a number of
studies. The Leson & Associates report evaluated the toxicity of tested imazapyr herbicide/ sur-
factant mixes to fish based on a very conservative exposure scenario that assumed the highest
potential concentration of imazapyr in water potentially found in the leading edge of the incoming
tide. Levels of concern for acute exposure of fish were not exceeded for any of the surfac-
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tant/formulation mixtures tested. However, levels of concern for endangered fish could poten-
tially be marginally exceeded for the highest measured and modeled concentrations in water.
However, the presence of fish in the leading edge of an incoming tide, where these concentrations
might occur, is highly unlikely. Further, the basis for the highest measured exposure value was
extremely conservative in that the pesticide was applied directly to sediment with no interception
by vegetation and collection of the sample only three hours later. The Project intends to apply
pesticides with the outgoing tide, leaving a much longer window of time before the tide washes
off any remaining herbicide from the sediment and foliage. Some degradation and uptake of the
herbicide will occur, which will further reduce the concentration in water. Due to the tidal ex-
change of waters, which results in dilution of the compound with each tide, imazapyr would
quickly dissipate beyond detection. This conclusion is supported by dissipation experiments in
Washington State, which demonstrated that imazapyr effectively dissipated in water within about
four to five tidal exchanges. Therefore, the acute and chronic risk to fish due to application of
imazapyr herbicides for control of non-native Spartina is considered insignificant.

Imazapyr is practically non-toxic to both freshwater and marine invertebrates. The acute risk to
aquatic invertebrates from exposure to imazapyr in water was determined to be insignificant. Any
potential impact from a spill would be short-term only because epibenthic and pelagic inverte-
brate communities will likely recover within a few tidal cycles. Therefore, the acute and chronic
risk to aquatic invertebrates due to application of imazapyr herbicides for control of non-native
Spartina is considered insignificant.

In sum, the maximum proposed application rate of 1.5 Ib imazapyr a.e./acre for control of
Spartina in the Estuary did not result in aquatic concentrations or terrestrial doses that would pose
significant risks to aquatic or terrestrial wildlife, even under the extremely conservative condi-
tions modeled.

Because imazapyr is an effective herbicide, non-target plants that are inadvertently directly
sprayed are likely to be severely damaged. These risks are particularly acute for vascular plants.
Algae appear to be less sensitive to imazapyr than aquatic macrophytes. Off-site drift from the
application site after ground-broadcast or aerial applications if terrestrial imazapyr formulations
in forestry applications were found to cause damage to sensitive plant species at distances of up to
500 feet. Peak concentrations of imazapyr with the incoming tide could also result in adverse ef-
fects on aquatic macrophytes and non-target vegetation. However, the tidal exchange of water
would rapidly dilute these concentrations to levels that do not cause acute damage to plants.
Rapid dissipation and lack of persistence of imazapyr in the estuarine environment preclude long-
term adverse effects to non-target vegetation. Best management practices as identified in the
FPEIR and adopted by the Conservancy as conditions of approval of the Project, will reduce the
likelihood of effects on non-target vegetation.

4.3  Effects of Imazapyr Herbicides on Human Health and Safety

The potential human health and safety effects of the addition of imazapyr to the Project treatment
methods are addressed in detail in the Leson & Associates report, Sections 5 and 6.1.

That report concludes that typical exposures to imazapyr would not lead to estimated doses that
exceed a level of concern for either workers or members of the general public at the maximum
application rate of imazapyr proposed for control of Spartina in the San Francisco Estuary. Based
on the available information and under the foreseeable conditions of application, it can be rea-
sonably concluded that workers or members of the general public will not be at any substantial
risk from acute or longer-term exposure to imazapyr at the proposed application rate on
non-native Spartina.

Mild irritation to the eyes can result from accidental splashing. This effect will be minimized or
avoided by exercising care to reduce splashing and wearing goggles during the handling of the
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compound identified in the FPEIR and adopted by the Conservancy as a condition of approval of
the Project.

4.4  Comparison of Relative Ecological and Human Health Effects of Ima-
zapyr versus Glyphosate and Associated Adjuvants

The 2003 FPEIR evaluated the ecological and human health effects of the use of glyphosate for
control of non-native Spartina in the San Francisco Estuary and concluded that the use of gly-
phosate presents limited risks to some ecological receptors. The following paragraphs provide a
summary of conclusions presented in the Leson & Associates report.

Imazapyr has been demonstrated to be less toxic to aquatic organisms than glyphosate. For exam-
ple, a direct comparison test with rainbow trout established an inherent acute toxicity of gly-
phosate to fish at more than 25-fold higher than for imazapyr. Given that the relationship between
fish and aquatic invertebrate toxicity for a given chemical rarely differs by more than an order of
magnitude, it is reasonable to expect a similar relationship to exist for aquatic invertebrates for
the toxicity of glyphosate compared to imazapyr. On a unit-compound basis, imazapyr is more
effective than glyphosate for control of Spartina and is consequently applied at considerably
lower application rates. The resulting risk from imazapyr to aquatic organisms is therefore con-
siderably lower than that for glyphosate.

The aquatic formulations of both herbicides must be mixed with surfactants for use on post-
emergent vegetation such as Spartina. The inherent risks of using either herbicide have been
shown to increase significantly when mixed with surfactants. Risks associated with gly-
phosate/surfactant mixtures increase more drastically than those for imazapyr/surfactant mixtures
for a number of reasons. First, most non-ionic surfactants that must be used with glyphosate are
inherently more toxic to aquatic organisms than the methylated or esterified seed oils or silicone-
based surfactants that can be used with imazapyr herbicides. (For example, the non-ionic surfac-
tants R-11° and L1-700® were determined to be five times as toxic as the esterified seed oil Com-
petitor®.) Second, glyphosate requires considerably higher spray volumes than imazapyr and sur-
factants are mixed proportionally to the spray volume, resulting in about twice as high surfactant
concentrations for glyphosate tank mixes compared to imazapyr tank mixes. Surfactants to be
used with imazapyr are described in detail in Appendix D to this Addendum, the Leson & Asso-
ciates Report, Section 4.4. As shown in that report, a number of less toxic surfactants are avail-
able for use with imazapyr and have been demonstrated to be effective on Spartina.

Although glyphosate is highly soluble like imazapyr, it is not photolyzed in water and is readily
adsorbed to suspended particles and sediment. Its fate in an estuarine environment is primarily
determined by its strong adsorption to sediment particles and the rate of microbial degradation.
Concentrations of glyphosate in rhizomes of treated Spartina have been shown to increase over
several years after treatment. The residual biomass of Spartina could therefore slowly release
glyphosate into the environment. Therefore, glyphosate is predicted to be more persistent than
imazapyr in an estuarine environment.

In sum, due to the lower inherent toxicity of imazapyr to aquatic organisms, the ability to use less
toxic surfactants, the lower application rates, and the more rapid dissipation from the environ-
ment, the use of imazapyr herbicides in the estuarine environment presents an improved risk sce-
nario for aquatic and terrestrial animals over the use of glyphosate herbicides.

Adverse effects of imazapyr to directly sprayed non-target vegetation, particularly vascular
plants, may be higher compared to glyphosate due to the herbicide’s higher efficacy. However,
despite its increased toxicity to the non-target plants, because of the lower spray volumes used
with imazapyr, impacts due to drift would not be increased beyond those described in the 2003
FPEIR. 2003 FPEIR Mitigation BIO-2, adopted by the Conservancy as a condition of approval of
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the Project, would continue to reduce this impact to a less-than-significant level, as with the use
of glyphosate herbicides.

45 Changes in Environmental Effects

As described in the Project description section of this Addendum, the imazapyr herbicide Habi-
tat® is proposed be used on as many as 1,500 acres per year of tidal wetlands for as many as four
consecutive years to facilitate eradication of non-native Spartina.

With the exception of potential impacts to non-target vegetation, fewer adverse effects are ex-
pected when using an imazapyr herbicide compared to a glyphosate herbicide. Potential adverse
effects from their combined use are also less than those expected for the use of a glyphosate her-
bicide alone. In addition, effective non-native Spartina eradication, which requires little or no
retreatment allows for recolonization of treated sites with native species sooner than if multiple
treatments have to be used over a number of years. Even so, it can take a number of years for the
ecosystem to restabilize itself after treatment with either herbicide.

In the long-term, the anticipated higher efficacy of imazapyr (as described in Appendix D, Leson
& Associates Report) for control of non-native Spartina may result in decreased water quality,
biological, and human health and safety impacts due to potential need for fewer applications over
the years. Fewer applications also would result in fewer physical adverse impacts to the estuarine
ecosystem due to trampling, compaction of sediment, and so forth.

Tables A-1, A-2, and A-3 in Appendix A provide a comparative summary of the potential im-
pacts on water quality, biological resources, and human health and safety and the associated miti-
gation measures, as presented in the 2003 FPEIR for the use of glyphosate and imazapyr in the
San Francisco Estuary.

5.0 Conclusions

Based on the above analysis and discussion, no revisions are needed to the 2003 FPEIR because
no substantial changes in the proposed action relevant to environmental concerns have occurred,
no new significant impacts and no substantial increase in the severity of significant impacts pre-
viously identified in the 2003 FPEIR would result from the proposed changes included in the Pro-
ject, no substantial changes to environmental circumstances have occurred since the 2003 FPEIR
was certified in September 2003, and because no new information relevant to environmental con-
cerns bearing on the proposed action has come to light that would indicate the potential for new
significant impacts not discussed in the 2003 FPEIR.

Accordingly, an addendum to the 2003 FPEIR is considered the appropriate CEQA document
for the addition of imazapyr herbicide mixtures to the ISP Spartina Control Program. None of
the conditions in the CEQA Guidelines Section 15162 (for a subsequent EIR) apply for the
Project as currently proposed and, as a result, the conditions in Section 15163 (for a supple-
mental EIR) also do not apply.

While substitution of imazapyr herbicide mixtures for glyphosate herbicide mixtures will reduce
some of the impacts of the Project, because glyphosate herbicides will continue to be an option
for use (i.e., the ISP is not proposing to remove glyphosate from the SCP), the potential for un-
avoidable significant impacts from the Project does not materially change from the original 2003
FPEIR. Nonetheless, incorporating imazapyr herbicide mixtures into the Project is expected to
lead to fewer overall impacts than the Project approved in the 2003 FPEIR.
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Appendix A:

Revised 2003 FPEIR Impact Tables for
Water Quality, Biological Resources,
and Human Health and Safety
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Table A-1:

Revised Table 3.3-1: Summary of potential effects on biological resources under Alternative 1 due to use of glyphosate and

imazapyr herbicides

Impact

Glyphosate

Imazapyr

BIO-1.1: Effects of treatment on tidal
marsh plant communities affected by
salt-meadow cordgrass and English
cordgrass

Significant but mitigable adverse impact due to spray drift effect
on non-target emergent marsh vegetation.

Potentially slightly increased adverse im-
pact due to higher toxicity to non-target
vegetation. Less than significant with Miti-
gation BIO 1.1

B10O-1.2: Effects on tidal marsh plant
communities affected by Atlantic
smooth cordgrass and its hybrids

Local, moderately persistent adverse impacts of herbicide spray
drift on tidal marsh vegetation adjacent to treated areas could oc-
cur from manual and normal helicopter application. Minimal non-
target impacts to vegetation could occur from wick/ brush applica-
tions. Significant but mitigable adverse impacts could occur from
worst-case helicopter spray drift.

Potentially slightly increased adverse im-
pact due to higher toxicity to non-target
vegetation. Less than significant with Miti-
gation BIO 1.2

B10-1.3: Effects on tidal marsh plant
communities affected by Chilean
cordgrass

Minor to moderate short-term adverse impact due to spray drift
from manual applications. Helicopter spray probably infeasible for
known infestations of this species.

Potentially slightly increased adverse im-
pact due to higher toxicity to non-target
vegetation. Less than significant with Miti-
gation BIO 1.1

B10-1.4: Effects on submerged
aquatic plant communities

No adverse impact.

Potentially slightly increased, but still less
than significant, adverse impact due to
somewhat higher toxicity to algae.

B10O-2: Effects on special-status plants
in tidal marshes

Potentially significant adverse impacts to soft birds beak, only
with removal of known salt-meadow and Chilean cordgrass infes-
tations (less than significant with mitigation).

Potentially slightly increased adverse im-
pact due to higher toxicity to non-target
vegetation. Less than significant with miti-
gation BIO-2.

BI10-3: Effects on shorebirds and wa-
terfowl

Short-term, local disturbance of shorebirds and waterfowl in vicin-
ity of access and treatment areas (slough and mudflat). Moderate
adverse impact. Potentially significant impacts if helicopters are
used for repeat treatment of large mudflat colonies.

Same. Less than significant with mitigation
BIO-3.

B10-4.1: Effects on the salt marsh
harvest mouse and tidal marsh shrew
species

Eradication of non-native cordgrass in high marsh may have sig-
nificant short-term adverse impacts in few locations, but usually
minor or none. Local, short-term minor to moderate adverse im-
pacts due to incidental trampling or disturbance.

Same. Less than significant with mitigation
BlO-4.1.
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Table A-1:

Revised Table 3.3-1: Summary of potential effects on biological resources under Alternative 1 due to use of glyphosate and

imazapyr herbicides

Impact

Glyphosate

Imazapyr

B10-4.2: Effects on resident harbor
seal colonies of San Francisco Bay

Short-term, local disturbance of harbor seals in vicinity of a few
access and treatment areas. Potentially significant adverse impacts
at a few potential project sites, minor or no impacts at most pro-
ject sites.

Same. Less than significant with mitigation
BI1O-4.2.

B10-4.3: Effects on the southern sea Negligible or no impact. Same.
otter
B10-5.1: Effects on California clapper | Potentially significant disturbance of clapper rail foraging, mating, | Same.
rail nesting, due to treatment activity, resulting habitat destruction,

and crew access to rail habitats. Local loss of breeding; risk of

mortality.
B10-5.2: Effects on the California Potentially significant impact foreseeable only at one site; no im- | Same.
black rail pacts in San Francisco Bay.
B10-5.3: Effects on tidal marsh song Potentially significant disturbance of foraging, mating, nesting, Same.
sparrow subspecies and the salt marsh | due to treatment activity, resulting habitat destruction, and crew
common yellowthroat access to habitats. Local loss of breeding; risk of mortality.
B10-5.4: Effects on California least Potentially significant local adverse impacts to levee nest sites due | Same.

terns and western snowy plovers.

to vehicle access.

B10O-5.5: Effects on raptors (birds of
prey)

Potential moderate adverse impacts if helicopters are used, other-
wise minor short-term impacts.

Potentially slightly reduced adverse impacts
if helicopters are used due to lower spray
volumes and associated lower number of
required flights to refill helicopter tanks.

B10-6.1: Effects on anadromous sal-
monids (winter-run and spring-run
Chinook salmon, steelhead)

Minor to moderate impact due to potential exposure of fish to
tidally remobilized herbicide spray solution containing surfac-
tants.

Slightly reduced impact due to lower toxic-
ity of imazapyr and surfactants.

B10-6.2: Effects on delta smelt and Long-term stabilization and restoration of natural tidal creek struc- | Same.
Sacramento splittail ture and high density of small tidal creeks due to arrested spread

of smooth cordgrass, protection of favorable habitat.
B10-6.3: Effects on the tidewater No impact. Same.

goby
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Table A-1:

Revised Table 3.3-1: Summary of potential effects on biological resources under Alternative 1 due to use of glyphosate and

imazapyr herbicides

Impact

Glyphosate

Imazapyr

B10-6.4: Effects on estuarine fish
populations of shallow submerged
intertidal mudflats and channels

Minor to moderate impact due to potential exposure of fish to
tidally remobilized herbicide spray solution containing surfac-
tants.

Slightly reduced impact due to lower toxic-
ity of imazapyr and surfactants.

BIO-7: Effects on California No impacts. Same.
redlegged frog and San Francisco gar-

ter snake

B10-8: Effects of regional invasive Minor to moderate production of additional mosquito breeding Same.
cordgrass eradication on mosquito habitat in topographic depressions in marsh plain left by vehicles,
production excavation pits.

B10-9: Effects on tiger beetle species | No impact. Same.
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Table A-2:

Revised Table 3.6-1: Summary of potential human health and safety effects under Alternative 1

due to use of glyphosate and imazapyr herbicides

Impact Glyphosate Imazapyr
HS-1: Worker injury from accidents associated | Minor worker injuries are possible during manual spraying activities. Same.
with manual and mechanical cordgrass treat-
ment.
HS-2: Worker health effects from herbicide Significant but mitigable worker health effects are possible from worker Same.
application. inhalation and contact with herbicides during treatment activities.
HS-3: Health effects to the public from herbi- Significant but mitigable public health effects are possible from worker Same.
cide application. inhalation and contact with herbicides during treatment activities.
HS-4: Health effects to workers or the public Significant but mitigable public health effects are possible from accidental | Same.
from accidents associated with treatment. spills of herbicides during treatment activities.
Table A-3:
Revised Table 3.2-6: Summary of effects on water quality under Alternative 1
due to use of glyphosate and imazapyr herbicides
Impact Glyphosate Imazapyr
WQ-1: Degradation of water quality due to Minor impact. Same.
herbicide application
WQ-2: Degradation of water quality due to Potentially significant and mitigable impact. Same.
herbicide spills
WQ-3: Degradation of water quality due to Small potential for spill. Same.
fuel or petroleum spills
WQ-4: Degradation of water quality due to No adverse impacts. Same.
contaminant remobilization
WQ-5: Water quality effects resulting from No effect. Same.

sediment accretion
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Appendix B:

Manufacturer’s Description and Specimen Labels
for Habitat®
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Appendix C:

Labels and Material Safety Data Sheets
for Surfactants Proposed for Use with Habitat®
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<

>

ug/L
a.e.

a.l.
AMPA
atm
b.w.
BAF
BCF
Blazon® Blue
CalEPA
CEQA
CO,
Conservancy
DPR

EC

ECys
ECso
EEC
EIS/EIR
ESA
ESO
Estuary
g/L
gal/acre
GPS
HDT

hr
HSDB
ISP

juv.

Koc

Kow
Ib/acre
LGCso
LDso
LOC
LOEC
LOEL

less than

greater than

microgram per liter

acid equivalent

active ingredient

aminomethylphosphonic acid

atmosphere

body weight

bioaccumulation factor

bioconcentration factor

Blazon® Spray Pattern Indicator “Blue”
California Environmental Protection Agency
California Environmental Quality Act

carbon dioxide

California State Coastal Conservancy
Department of Pesticide Regulation

effect concentration

concentration causing 25% inhibition of a process
concentration causing 50% inhibition of a process
estimated exposure concentration
Environmental Impact Statement/Environmental Impact Report
Endangered Species Act

esterified seed oil

San Francisco Estuary

gram per liter

gallons per acre

global positioning system

highest dose tested

hour

Hazardous Substances Database (National Library of Medicine)
Invasive Spartina Project

juvenile

organic carbon partition coefficient
octanol/water partition coefficient

pounds per acre

lethal concentration, 50% kill

lethal dose, 50% kill

level of concern

lowest-observed-effect concentration
lowest-observed-effect level



Exhibit 5: Addendum to the ISP FEIS/R

LESON & ASSOCIATES
Use of Imazapyr Herbicide to Control Invasive Spartina in the San Francisco Estuary
Water Quality, Biological Resources, and Human Health and Safety

m?3 cubic meter

MATC maximum allowable toxicant concentration
MBTA Migratory Bird Treaty Act

mg milligram

mg/kg milligram per kilogram

mg/L milligram per liter

mg/m3 milligram per cubic meter

mmHg millimeter mercury

MMRP Mitigation Monitoring and Reporting Program
MSDS material safety data sheet

MSO methylated seed oil

NIS non-ionic surfactant

NNG 2,4-nitrosoglyphosate

NOEC no-observed-effect concentration
NOEL no-observed-effect level

NOS not otherwise specified

ppm parts per million

RfD reference dose

RQ risk quotient

SBS silicone-based surfactant

SSPs Site-specific Plans

T&E threatened and endangered

tys half-life

USDA U.S. Department of Agriculture

U.S. EPA U.S. Environmental Protection Agency
USFWS U.S. Fish and Wildlife Service

VOC vegetable oil concentrate
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EXECUTIVE SUMMARY

Under the direction of the California State Coastal Conservancy’s (“Conservancy”) San
Francisco Estuary Invasive Spartina Project (“ISP”), Leson & Associates has prepared this
analysis of potential impacts to water quality, biological resources and human health and safety
from the use of an imazapyr herbicide for treatment of non-native, invasive salt marsh
cordgrasses (genus Spartina) in the San Francisco Estuary (“Estuary”).

Several non-native Spartina species were introduced into the Estuary in recent decades
and soon began to spread rapidly. This invasion of non-native Spartina species and their
hybrids, if left uncontrolled, threatens to displace the native Spartina species and cause
fundamental changes in the structure, function, and value of the Estuary’s tidal lands, and
imperil its ecological balance. In 2003, the Conservancy, as the lead agency under the California
Environmental Quality Act (“CEQA”), certified the Programmatic Environmental Impact
Statement/ Environmental Impact Report (“EIS/EIR”) for ISP’s Spartina Control Program,
which aims to eradicate non-native, invasive salt marsh Spartina in the Estuary. This program
implements a number of treatment techniques, including the application of herbicides.
Glyphosate, the herbicide evaluated and approved for use in the Programmatic EIS/EIR, has a
number of shortcomings in an estuarine environment. It requires higher application rates than
an alternative herbicide, imazapyr, which was recently submitted for registration in California
under the brand name Habitat®. Because the use of imazapyr is not specifically addressed and
evaluated in the Programmatic EIS/EIR, the Conservancy intends to amend its CEQA analysis
of potential environmental impacts to include the use of imazapyr. The Conservancy does not
intend to use imazapyr as a replacement of glyphosate but rather as an additional tool to be
used by itself or in combination with glyphosate where appropriate. This report evaluates this
planned application by analyzing the potential impacts to water quality of the Estuary and
potential ecological and human health risks, in support of the Conservancy’s planned CEQA
amendment. In addition, this report discusses changes in environmental effects compared to the
use of glyphosate as discussed in the Programmatic EIS/EIR, identifies approaches to minimize
potential increased risks from the use of imazapyr, and discusses the implications of these
findings for purposes of CEQA.

Environmental Fate of Imazapyr in Estuarine Environment and Impacts on Water Quality

In water, imazapyr rapidly degrades via photolysis. A number of field studies
demonstrated that imazapyr rapidly dissipated from water within several days and no
detectable residues of imazapyr were found in either water or sediment within two months. In
estuarine systems, dilution of imazapyr with the incoming tides contributes to its rapid
dissipation. This suggests that imazapyr is not environmentally persistent in the estuarine
environment and does not result in material impacts to water quality.

Vi
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Ecological Health Risks of Imazapyr Applications

The evaluation presented in this report regarding the potential ecological risks is mainly
based on two recent risk assessments: one for imazapyr application for control of non-native,
invasive Spartina in estuarine habitats in Washington State, and another for forestry application.
This report updates and adapts these prior risk assessments for conditions and planned
application rates in the Estuary. Risks to wildlife and non-target vegetation are assessed based
on more conservative exposure assumptions. In addition, this report evaluates risks based on
lower screening levels, including those set forth by the U.S. Environmental Protection Agency
for endangered species.

The maximum proposed application rate of imazapyr for control of Spartina in the
Estuary does not result in aquatic concentrations or terrestrial doses that exceeded screening
levels for toxicity to aquatic or terrestrial mammals, birds, invertebrates, or benthos, even under
the extremely conservative assumptions and risk scenarios evaluated. A spill scenario is
considered highly unlikely because of the best management practices set forth in the Spartina
Control Program’s Mitigation Monitoring and Reporting Program (“MMRP”). Further, the
disturbance created by cleanup efforts would discourage wildlife use of the area. The more
stringent screening levels for acute toxicity to endangered fish species are marginally exceeded
by the highest measured and modeled imazapyr concentrations in the leading edge of an
incoming tide. The conditions and assumptions for these concentrations are extremely
conservative and would only be present momentarily and in a small volume of water. The
concurrent presence of an endangered fish species is considered highly unlikely and potential
impacts are therefore considered insignificant.

Because imazapyr is a highly effective herbicide, non-target plants that are inadvertently
directly sprayed are likely to be severely damaged. This risk is particularly acute for vascular
plants. Longer-term, enduring adverse effects to non-target vegetation are not expected due to
imazapyr’s rapid degradation and dissipation.

Human Health and Safety

The evaluation in this report of human health risks is based on a recent risk assessment
for the application of imazapyr in forestry applications, which evaluated worst-case scenarios
for both workers and members of the general public, e.g., recreational users or residents.

Based on this assessment, typical exposures to imazapyr do not lead to doses that exceed
screening levels for either workers or members of the general public. Workers and members of
the general public are not expected to experience substantial risk from acute or longer-term
exposure to imazapyr. Effects from accidental exposure will be minimized or avoided by
compliance with the MMRP.

vii
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Relative Ecological and Human Health Effects of Imazapyr versus Glyphosate and Associated Adjuvants

Imazapyr has been demonstrated to be less toxic to aquatic organisms than glyphosate.
Combined with the lower application rate for imazapyr, this results in a considerably lower risk
to aquatic organisms. The aquatic formulations of both herbicides must be mixed with
surfactants for use on post-emergent vegetation such as Spartina. The inherent risks of using
either herbicide have been shown to increase significantly when mixed with surfactants.
However, risks associated with glyphosate/surfactant mixtures are greater than those for
imazapyr/surfactant mixtures.

Unlike imazapyr, glyphosate is not photolyzed in water and is readily adsorbed to
suspended particles and sediment. Its fate in an estuarine environment is primarily determined
by its strong adsorption to sediment particles and the rate of microbial degradation. Residual
biomass of treated Spartina could also slowly release glyphosate into the environment.
Therefore, glyphosate is predicted to be more persistent than imazapyr in an estuarine
environment.

Compared to glyphosate, adverse effects of imazapyr to directly-sprayed non-target
vegetation would tend to be higher due to it’s higher efficacy. These risks are particularly
pronounced for vascular plants. However, this tendency is probably more than offset because of
the lower spray volumes used with imazapyr.

Conclusions

The overall weight of evidence from this analysis suggests that imazapyr herbicides can
be a safe, highly effective treatment for control and eradication of non-native Spartina species in
the San Francisco Estuary, offering an improved risk scenario over the existing treatment
regime with glyphosate herbicides. From a CEQA perspective, imazapyr’s potential significant
impacts to biological resources, and human health and safety, and mitigations required to
reduce those impacts to less than significant levels, are encompassed in those impacts and
mitigations previously identified for glyphosate. Therefore, no additional mitigation is required
for the use of imazapyr.

viii
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1. INTRODUCTION

The following sections discuss the purpose of this report, present the sources of
information it relied on, and summarize the report’s organizational outline.

1.1 Purpose of Report

The purpose of this report is to analyze the potential ecological and human health risks
and impacts on water quality associated with using an herbicide containing the active
ingredient imazapyr to eradicate non-native, invasive salt marsh cordgrasses (genus “Spartina”)
in the San Francisco Estuary (“Estuary”) and to compare these potential risks to those resulting
from the use of a glyphosate herbicide. This report builds upon information contained in the
Programmatic Environmental Impact Statement/Environmental Impact Report (“EIS/EIR”) for
the San Francisco Estuary Invasive Spartina Project (“ISP”) Spartina Control Program!2, which
evaluated the use of a glyphosate herbicide for purposes of Spartina eradication in the Estuary.
The evaluation regarding the potential ecological risks associated with the use of an imazapyr
herbicide in addition to and/or in a mixture with glyphosate herbicides in the San Francisco
Estuary is mainly based on the findings of a recent standard ecological risk assessment that
evaluated the use of an imazapyr herbicide for control of non-native, invasive Spartina in
estuarine habitats in Washington State (“2003 Entrix report”3). The report at hand summarizes
relevant information contained in this and other risk assessments, and adapts and interprets
them for the San Francisco Estuary.

Specifically, this report

— Updates, adapts, and expands the findings of the 2003 Entrix report regarding the
potential ecological risks associated with the use of an imazapyr herbicide in an
estuarine environment to incorporate any newer information available and to
address San Francisco Estuary conditions and species;

! California State Coastal Conservancy and U.S. Fish and Wildlife Service, Volume I: Final Programmatic
Environmental Impact Statement/Environmental Impact Report, San Francisco Estuary Invasive Spartina
Project: Spartina Control Program, State Clearinghouse #2001042058, September 2003.

2 The Final EIS/EIR is a “programmatic” EIS/EIR because it analyzes the potential effects of
implementing treatment methods for a regional program rather than the impacts of an individual
treatment project. (CEQA Guidelines Section 15168.)

3 Entrix, Inc., Ecological Risk Assessment of the Proposed Use of the Herbicide Imazapyr to Control
Invasive Cordgrass (Spartina spp.) in Estuarine Habitat of Washington State, prepared for Washington
State Department of Agriculture, October 30, 2003.
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— Updates the comparison of relative ecological risks of the use of imazapyr versus
glyphosate and associated adjuvants* in an estuarine environment from the 2003
Entrix report; and

— Discusses potential changes in impacts to water quality, biological resources, human
health (from those identified in the Programmatic EIS/EIR) caused by the use of an
imazapyr herbicide on as many as 1,500 acres per year of tidal wetlands for as many
as four consecutive years.

1.2 Sources of Information

In addition to the 2003 Entrix report, this report relies on information from a standard
human health and ecological risk assessment, published by the U.S. Department of Agriculture
(“USDA”) Forest Service that evaluated the use of imazapyr for forestry applications (“2004
SERA report”3). The report at hand further incorporates unpublished information obtained
from the ISP and a number of industry representatives, researchers, and government. In
addition, this report includes information from a comprehensive literature search (DIALOG®,
TOXNET?, and web) and review of publications on ecological impacts, toxicity, and fate and
transport of imazapyr and glyphosate herbicides including potential adjuvants, focusing on
aquatic, particularly estuarine, environments.

1.3 Organization of Report

This report is organized in six sections including this introduction. The second section
presents a brief background of the Invasive Spartina Project and the use of herbicides as a
method to control non-native Spartina. The second section provides a brief overview of the
herbicides imazapyr and glyphosate including their physical/chemical properties and
environmental fate and discusses the efficacy and application challenges for control of non-
native Spartina. The fourth section provides a summary of ecological risk assessment findings
from the 2003 Entrix report for imazapyr contrasted with glyphosate. This section summarizes
and updates the most important information, highlights its key findings, and adapts the

4 Adjuvants include surfactants, compatibility agents, drift retardants, suspension aids, and spray buffers.

5 Syracuse Environmental Research Associates, Inc., Imazapyr - Human Health and Ecological Risk
Assessment - Final Report, prepared for USDA, Forest Service, December 18, 2004.

¢ DIALOG offers an online information retrieval system of materially significant databases. As part of the
Deep Web, estimated to be 500 times larger than the content accessible via web search engines, DIALOG
accesses over 900 databases. Searchable content includes articles and reports from trade publications as
well as in-depth repositories of scientific and technical data, government regulations, patents, trademarks
and other intellectual property data.

7 TOXNET, maintained by the U.S. National Library of Medicine, searches a large number of databases on
toxicology, hazardous chemicals, and related areas.

8 The literature search focused on post-2002 publications to identify newer studies that were not
incorporated into previous reports such as the 2003 Entrix report, publications by Washington State
authorities, or the Programmatic EIS/EIR.
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information to San Francisco Estuary conditions. In addition, the section provides information
on the ecological risks of glyphosate. The fifth section contains a summary of human health
risks from the 2004 SERA report adapted to conditions in the San Francisco Estuary. The report
concludes with a summary and conclusions section that summarizes and compares the findings
on ecological and human health risks of imazapyr and glyphosate applications, discusses
changes in environmental effects and approaches to minimize increased risk, and discusses
implications of the findings for purposes of and amendment of the Conservancy’s CEQA
analysis.

2. BACKGROUND

This background section summarizes the project history of the Spartina Control Program
and discusses the use of herbicides for control of non-native invasive Spartina.

21 Project History

In recent decades, non-native Spartina species were introduced into the San Francisco
Estuary and soon began to spread rapidly. In 2001 non-native Spartina occupied only about
500 acres within 5,000 acres of the Estuary’s tidal flats and marshes; by the end of 2004, only
three year later, the acreage of non-native Spartina had more than doubled and infested about
11,500 acres of tidal marshlands. (Programmatic EIS/EIR, p. 1-17; Olofson 03/05.) This invasion
of non-native Spartina, if left uncontrolled, threatens to displace the native Spartina species,
cause fundamental changes in the structure, function, and value of the Estuary’s tidal lands,
and imperil its ecological balance. One non-native species in particular, Atlantic smooth
cordgrass (S. alterniflora), and its hybrids with the native Pacific cordgrass (S. foliosa) are
spreading at an alarming rate and are likely to eventually cause the extinction of native Pacific
cordgrass, choke tidal creeks, dominate newly restored salt marshes, and alter or displace
thousands of acres of existing shorebird habitat. Potential effects include extensive regional loss
of tidal flats; elimination of critical foraging habitat for migratory shorebirds; marginalization of
endangered California clapper rail habitat; reduction or elimination of endangered salt marsh
harvest mouse habitat; increased need for dredging and flood control; and so forth. (For a
detailed discussion, refer to the Programmatic EIS/EIR, Section 1.)

In 2000, the California State Coastal Conservancy (“Conservancy”) established the
Invasive Spartina Project, a regionally coordinated effort of Federal, State, and local agencies,
private landowners, and other interested parties that aims to eradicate non-native, invasive salt
marsh Spartina. In 2003, the Conservancy, as the lead agency under the California
Environmental Quality Act (“CEQA”), certified the Programmatic Environmental Impact
Statement/Environmental Impact Report for the San Francisco Estuary Invasive Spartina
Project Spartina Control Program. The Spartina Control Program, the “action arm” of the ISP,
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implements a number of manual, mechanical, and chemical treatment techniques to arrest and
reverse the spread of non-native Spartina species in the San Francisco Estuary. The
Programmatic EIS/EIR addressed the environmental impacts of implementing the Spartina
Control Program, identified significant impacts, and summarized the requisite mitigation in a
Mitigation Monitoring and Reporting Program (“MMRP”; Programmatic EIS/EIR, Appx. K).

22 Use of Herbicides for Control of Spartina

Spartina plants resprout every year from a dense persistent root mass, which spreads as
a clone through horizontal underground rhizomes. A rhizome, also called a rootstalk or
rootstock, is a fleshy, horizontally creeping underground stem of a plant that often produces
new roots and shoots from its nodes that serve to spread the plant by vegetative reproduction.
Thus, if a rhizome is cut, it does not die, as would a root, but the cut-off part becomes a separate
plant. Spartina also has the ability to disperse long distances by way of broken root fragments
and floating seeds. Spartina often grows in soft sediments. These factors make Spartina difficult
to eradicate by mechanical means alone.

The use of herbicides in combination with other treatment methods has proven effective
for the control of estuarine cordgrass populations elsewhere, e.g., in Washington State, New
Zealand, and Northern Ireland, and is a key component of the Spartina Control Program for the
San Francisco Estuary. (Patten 20049 ISSG0; Hammond & Cooper!!; Programmatic EIS/EIR,

p- 2-23.) For some sites, particularly expansive monoclonal stands of Spartina and inaccessible
mudflats, herbicide application is the only feasible and time- and cost-effective treatment
method that results in a sufficient level of control to facilitate the eradication of non-native
Spartina. (Patten 03/0512.)

The Conservancy ultimately approved the Programmatic EIS/EIR’s Alternative 1
(Regional Eradication Using All Available Control Methods), which included the use of
herbicides in addition to a variety of manual, mechanical and chemical treatment methods and
combinations thereof including hand-pulling and manual excavation; mechanical excavation
and dredging; mowing, burning, pruning, and flaming; crushing and mechanical smothering;
covering/ blanketing; flooding and draining. (Programmatic EIS/EIR, pp. 2-23—2-18.)

9 Patten K, Comparison of chemical and mechanical control efforts for invasive Spartina in Willapa Bay,
WA, Third International Conference on Invasive Spartina, San Francisco, California, November 8-10,
2004.

10 Invasive Species Specialist Group, Global Invasive Species Database, Spartina anglica, Management
Info and Links; http:/ /www.issg.org/ database, accessed April 19, 2005.

1 Hammond MER, Cooper A, Spartina anglica eradication and inter-tidal recovery in Northern Ireland
estuaries; in: Veitch CR, Clout MN (eds.), Turning the Tide: the Eradication of Invasive Species,
International Union for the Conservation of Nature, Gland, Switzerland, and Cambridge, United
Kingdom, 2002, pp. 124-131.

12 Personal communication with Kim Patten, Washington State Department of Agriculture, March and
April 2005.
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At the time the Programmatic EIS/EIR was compiled, the only herbicide registered by
the California Environmental Protection Agency (“CalEPA”) for use in estuarine habitats was
glyphosate (brand names for registered aquatic formulations “Aquamaster®” and “Rodeo®”).
Recently, the herbicide imazapyr (brand name “Habitat®”), was submitted to the CalEPA
Department of Pesticide Regulation (“DPR”) for registration and is expected to be approved for
estuarine use in early summer 2005. (Olofson 03/053.) The ISP would like to include the use of
imazapyr in the Spartina Control Program because under certain estuarine conditions it has
several apparent benefits over the use of glyphosate and has been found to have fewer
environmental impacts than glyphosate. (See Sections 3.2 and 4.) Imazapyr is not intended as a
complete replacement of glyphosate but rather as an additional tool to be used by itself or in
combination with glyphosate where appropriate. In some situations, the Spartina Control
Program will be intentionally using the less effective glyphosate treatment to achieve its control
objectives. For example, glyphosate may be used to kill a portion of the vegetation on the site
and reduce the site’s seed production, at the same time maintaining sufficient cover for the
endangered California clapper rail while other areas are naturally revegetating with native
plants and not being reinfested by seed from the treated site. As another example, glyphosate
might be the herbicide of choice for treatment of sites where there are only few non-native
Spartina in a matrix of primarily native pickleweed (Salicornia virginica). In this case, using the
less effective herbicide would be preferable to reduce any potential adverse effects to
pickleweed due to overspray. In some instances, imazapyr could be used in a mixture with
glyphosate, which could serve as a brown-down!4 indicator. (See Section 3.2.) The appropriate
treatment method will be determined by site-specific conditions as detailed in the Site-specific
Plans (“SSPs”), which are developed annually by the ISP. (Olofson 03/05.)

Because the use of imazapyr was not specifically addressed and evaluated in the
Programmatic EIS/EIR, the Conservancy intends to amend its CEQA analysis of potential
environmental impacts to include the use of imazapyr.

3. IMAZAPYR AND GLYPHOSATE HERBICIDES FOR
CONTROL OF NON-NATIVE SPARTINA

The following sections contain an overview of imazapyr and glyphosate herbicides and
their environmental fate followed by a short discussion of the challenges the estuarine

13 Personal communication with Peggy Olofson, Invasive Spartina Project, Berkeley, CA, March and April
2005.

14 The term brown-down, or burn-down, refers to the visible effect of browning (or yellowing) of leaves or
the entire plant after application of an herbicide.
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environment poses for their application, and a summary of experiences regarding the efficacy of
both herbicides for control of non-native Spartina.

3.1 Herbicides Overview

The following sections provide information on the composition of the commercial
formulations of imazapyr and glyphosate; describes the mechanisms of action in plants;
summarizes application rates and surfactants and colorants proposed for use; and reviews
physical and chemical properties, degradation rates, products, and pathways, and general
toxicity and bioaccumulation ratings. Attached Table A-1 summarizes key information for both
herbicides.

3.1.1 Commercial Formulations

Imazapyr. Imazapyr is the active ingredient (“a.i.”) in a number of commercially
available formulations for different applications. It was first registered for the control of
undesirable vegetation in 1984. In the U.S,, it has mainly been used in forestry applications.
(Birk 04/05.) In November 2003, imazapyr received Federal registration for use in non-crop
aquatic sites under the brand name “Habitat®.” (BASF 2004'5.) In February 2005, the
manufacturer submitted Habitat® for registration in California to the DPR for the control of
aquatic nuisance vegetation, including its use in estuarine environments and registration is
expected in June of 2005. (Olofson 03/05.) Imazapyr is typically formulated as either a weak
acid or as its isopropylamine salt. Habitat® is a solution of 28.7% isopropylamine salt of
imazapyr in water, equivalent to 22.6% imazapyr acid equivalents (“a.e.”), and contains a small
amount of an acidifier. (BASF 20031¢; Birk 04/05.) Because Habitat® is purportedly the same
formulation as Arsenal® and Arsenal® contains acetic acid, the acidifier in Habitat®is likely also
acetic acid. (Birk 04/05; NCAP 2003.) The aquatic formulation Habitat® does not contain any
surfactants; however, treatment of postemergent vegetation requires the addition of surfactants
to the tank mix. (BASF 2003; Volmer 03/05'7; see Section 3.1.3.)8 No information has been
encountered in the published literature on manufacturing impurities associated with imazapyr.
Because virtually no chemical synthesis yields a totally pure product, technical grade imazapyr
contains some impurities. However, to some extent, concern for impurities in technical grade
imazapyr is reduced by the fact that most existing toxicity studies on imazapyr were conducted
with the technical grade product and encompass the toxic potential of the impurities. (SERA
12/04, p. 3-10.) Habitat® may be tank-mixed with other aquatic use herbicides. (BASF 2003.)

15BASF Corporation, Habitat® Herbicide for Aquatic and Invasive Vegetation Control, 2004.
16 BASF Corporation, Habitat® Herbicide, Specimen, EPA Reg. No. 241-426, 2003.
17 Personal communication, with Joe Volmer, BASF Corporation, March 24, 2005.

18 Historically, formulations of imazapyr for terrestrial use contained non-ionic surfactants. For
reregistration in the U.S., these products were reformulated without surfactants. At present, the only
imazapyr formulation for terrestrial use is Arsenal® Railroad. (Volmer 03/05.)
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Glyphosate. Glyphosate, first registered in the U.S. in 1986, is among the most widely
used pesticides in volume worldwide. (U.S. EPA 09/9319.) Most commercial formulations of
glyphosate are for terrestrial applications and only two formulations, Aquamaster® and Rodeo®,
are currently registered for aquatic use. Glyphosate itself is an acid but it is commonly
formulated in salt form, most commonly the isopropylamine salt. Aquamaster® and Rodeo® are
both aqueous solutions of 53.8% of the isopropylamine salt of glyphosate, equivalent to 48.0%
glyphosate a.e. Neither formulation contains inert ingredients other than water or surfactants.
(Monsanto 20002; Dow AgroSciences 20012.) However, the technical-grade glyphosate used to
formulate these products contains a small amount of 2,4-nitrosoglyphosate (“NNG”), an
impurity formed during the synthesis of glyphosate. (U.S. EPA 09/93.) All applications of
Aquamaster® and Rodeo® require the addition of a non-ionic surfactant to the tank mix for use
on aquatic nuisance vegetation. (Monsanto 2000; Dow AgroSciences 2001; see Section 3.1.3.)

3.1.2 Mechanism of Action and Effects

The mechanism of action of an herbicide is the biochemical or physical method by which
it causes the suppression of growth or death of specific plants. Both imazapyr and glyphosate
herbicides are systemic broad-spectrum herbicides?? that are applied to, and absorbed by, roots
and foliage and are rapidly transported via the plant’s phloem?? and xylem?* to its meristematic
tissues? or growing regions. (Uptake via roots is irrelevant under estuarine conditions because
herbicide applications occur onto shoots and foliage.) Because Spartina clones propagate rapidly
via rhizomes, the translocation of the herbicide into the rhizomes and their ensuing cell death
effectively prevents further spreading of the clone once the aboveground portion of the plant
has died. Both herbicides block a specific enzyme in the synthesis of certain amino acids in

19 U.S. Environmental Protection Agency, R.E.D. (registration eligibility decision) Facts, Glyphosate,
EPA-738-F-93-011.

20Monsanto Company, Aquamaster®, Complete Directions for Use in Aquatic and other Noncrop Sites,
EPA Reg. No. 524-343, 2000.

2 Dow AgroSciences LLC, Rodeo®, Specimen Label, EPA Reg. No. 62719-324, revised April 17, 2001.

22 Broad spectrum (also referred to as non-selective) herbicides are those that are used to control all or
most vegetation. Systemic herbicides are absorbed into the living portion of the plant and move within
the plant.

2 In vascular plants, phloem is the tissue that transports organic nutrients, such as sugars, particularly
sucrose, amino acids, and certain hormones. The movement in phloem is bidirectional and driven by
positive hydrostatic pressures. This process is termed translocation.

2 In vascular plants, xylem is the tissue that carries water up the root and stem. The xylem sap consists
mainly of water and inorganic ions, such as nitrate. The movement of sap in xylem cells is unidirectional
and always moves from the roots to the leaves. The most important phenomenon that causes xylem sap
to flow is transpirational pull, which is caused by the transpiration of water from leaves. In addition,
because the soil solution is more dilute than the cytosol (internal cell fluid) of the root cells, water moves
osmotically into the cells, creating so-called root pressure.

25 Meristematic tissues, or meristems, are undifferentiated (unspecialized) tissues in which cell division
occurs.



Exhibit 5: Addendum to the ISP FEIS/R

LESON & ASSOCIATES
Use of Imazapyr Herbicide to Control Invasive Spartina in the San Francisco Estuary
Water Quality, Biological Resources, and Human Health and Safety

plants. The ensuing disruption of protein synthesis leads to interference in cell growth resulting
in chlorosis?® and tissue necrosis?’ of new leaves.

Imazapyr. Imazapyr inhibits an enzyme in the biosynthesis of the three branched-chain
aliphatic amino acids valine, leucine, and isoleucine. (BASF 2004.) Because animals do not
synthesize branched-chained aliphatic amino acids but obtain them from eating plants and
other animals, the engineered mechanism for plant toxicity, i.e. the interruption of protein
synthesis due to a deficiency of the amino acids valine, leucine, and isoleucine, is not generally
relevant to birds, mammals, fish or invertebrates. Any toxicity to these receptors occurs through
different mechanisms. (Entrix 10/03, p. 24.) Imazapyr is relatively slow acting and it takes
several weeks for the plants to show effects. Plants cease to grow initially in the roots and later
in the aboveground portions. (Cox 1996 in Entrix 10/03, p. 24.) On Spartina, it takes 4-8 weeks
after treatment for effects, i.e. yellow flagging of the leaf margin, to show and complete plant
death can take several months. (Patten 03/0423; Patten 03/05.)

Glyphosate. Glyphosate inhibits an enzyme needed to synthesize an intermediate
product in the biosynthesis of the aromatic amino acids, essential for protein synthesis and to
produce many secondary plant products such as growth promoters, growth inhibitors,
phenolics, and lignin. Animals do not synthesize these aromatic amino acids and glyphosate
therefore has low toxicity to these receptors. (Schuette 19982.) Plants vary in their sensitivity to
glyphosate exposure mostly by how readily the herbicide is absorbed and internally
transported. (Programmatic EIS/EIR, pp. 3.3-26.) In general, glyphosate herbicides are
somewhat faster acting than imazapyr herbicides. Visible effects on most annual weeds occur
within two to four days and after 7 days on most perennial weeds. Visible effects are a gradual
wilting and yellowing of the plant that advances to complete browning of aboveground growth
and deterioration of underground plant parts. (Schuette 1998.) On Spartina, complete brown-
down occurs within 7 to 21 days. (Patten 03/04.)

3.1.3 Adjuvants

For most foliar applications of herbicide formulations, adjuvants must be added to spray
solutions to improve the performance and minimize variation of herbicide efficacy. Examples of
adjuvants include surfactants® (surface active agents), compatibility agents (used to aid mixing
of two or more herbicides in a common spray solution), drift retardants (used to decrease the
potential for herbicide drift), suspension aids (used to aid mixing and suspending herbicide

2 Chlorosis is a term for the yellowing or whitening of normally green plant tissue because of a decreased
amount of chlorophyll.

27 Necrosis is a term for the death of cells or tissues.
28 Patten K, Imazapyr for aquatic use, Presentations, March 2004.

2 Schuette ], California Environmental Protection Agency, Department of Pesticide Regulation,
Environmental Fate of Glyphosate, revised November 1998.

30 Frequently, the term surfactant is used for all types of adjuvants (except colorants).
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formulations in solution), spray buffers (used to change the spray solution acidity), and
colorants. Surfactants are designed to improve the spreading, dispersing/emulsifying, sticking,
absorbing, and/ or pest-penetrating properties of the spray mixture. (Tu ef al. 200131.) The pure
herbicide formulation mixed with water will stand as a droplet on the waxy leaf surface and the
small area of contact therefore provides little potential for uptake of the active ingredient into
the foliage. Water droplets containing a surfactant will spread in a thin layer over a waxy leaf
surface and improve herbicide uptake by improving herbicide distribution on the leaf surface.
As mentioned above, both Habitat® and the glyphosate herbicides Aquamaster® and Rodeo®
require the use of surfactants for postemergent applications such as the control of Spartina.
Without surfactants, the formulation would not sufficiently penetrate the often tough cuticle of
postemergent plants. (Volmer 03/05.)

Imazapyr. The Habitat® specimen label recommends a variety of different spray
adjuvants for use on postemergent vegetation. For non-ionic surfactants the label recommends a
rate of 0.25% v/v32 or higher, preferably of a surfactant with a hydrophilic to lipophilic ratio
between 12 and 17 and with at least 70% surfactant in the formulated product. (This excludes
alcohols, fatty acids, oils, ethylene glycol, or diethylene glycol.) Alternately, the label
recommends the use of methylated seed oils or vegetable oil concentrates at the rate of 1.5 to
2 pints per acre. For spray volumes greater than 30 gallons per acre, the surfactant should be
mixed at a rate of 1%. The label further indicates that these oils may aid in Habitat® deposition
and uptake by the plants under moisture or temperature stress. Silicone-based surfactants,
which may reduce the surface tension of the spray droplet, allowing greater spreading on the
leaf surface as compared to conventional non-ionic surfactants, are also recommended.
However, the manufacturer points out that some silicone-based surfactants may dry too
quickly, limiting herbicide uptake. (BASF 2004.)

One study from Washington State concluded that the esterified seed oil surfactant
tested, Competitor®, performed better than the other surfactants tested, i.e. Agri-Dex®, a crop
oil-based surfactant, and R-11®, a non-ionic surfactant. This finding is supported by other
studies. (Patten 2002%.) The author recommended using a methylated seed oil surfactant for
aerial applications and for unfavorable conditions such as less than 6 hours of drying time or
moist leaves. (Patten 03/05.)

Glyphosate. The Aquamaster® and Rodeo® specimen labels recommend the use of a
non-ionic surfactant containing at least 50% active ingredient at a rate of 2 or more quarts per
100 gallons of tank mix (0.5% v/v). (Monsanto 2000; Dow AgroSciences 2001.)

31 Tu M, Hurd C, Randall JM, Weed Control Methods Handbook: Tools and Techniques for Use in
Natural Area, April 2001.

32 The abbreviation %v/v, percentage volume by volume, describes the concentration of a substance in a
mixture or solution. Thus, 0.25% v/v surfactant means that the volume of the surfactant is 0.25% of the
total volume of the tank mix.

3 Patten K, Smooth cordgrass (Spartina alterniflora) control with imazapyr, Weed Technology, vol. 16,
pp. 826-832, 2002.
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Not all surfactants provide the same effectiveness and surfactant costs vary widely. In
general, non-ionic surfactants and crop oil concentrates are the least expensive of the surfactant
classes, followed by esterified seed oils and organo-silicates. (Miller & Westra 08/0434.) The ISP
identified a number of potential surfactants for use with Habitat®, Aquamaster®, or Rodeo®.
They include the non-ionic surfactants LI-700®, Liberate®, and Cygnet Plus; the crop-oil
concentrate Agri-Dex®; the esterified seed oil Competitor®; and the organo-silicones Dyne-
Amic® and Kinetic®.3> Attached Table A-2 summarizes the chemical properties of these
surfactants. Based on the anticipated efficacy of the products and their superior relative
toxicities, the ISP expects to use Competitor®, Agri-Dex®, LI-700%, and Cygnet Plus, appropriate
for addition to the Spartina Control Program. If actual efficacies of these products prove to be
inadequate, the ISP will then consider Liberate®, Dyne-Amic®, and Kinetic®. (Olofson 04/05.)

3.14 Colorants

A colorant will be added to the herbicide/surfactant solution to enable spray crews to
see where they have sprayed after initial evaporation of the solution. Little published
information regarding the use of colorants with herbicides exists. Moreover, the manufacturers
of the colorants and the suppliers of the herbicides/surfactants do not make recommendations
concerning the use of specific colorants. Rather than the manufacturers or suppliers, it is the
applicator who usually determines the compatibility of a colorant with an herbicide and the
efficacy of the colorant for a particular application. (SERA 12/07, p. 1.)

The ISP has identified Blazon® Spray Pattern Indicator “Blue” (“Blazon® Blue”) for use
with Aquamaster® or Rodeo®and will likely use the same product for use with Habitat®.
(Programmatic EIS/EIR, p. 3.2-13; Olofson 03/05.) Blazon® Blue is a water-soluble non-ionic
polymeric colorant. As with most colorant products, the active ingredients are proprietary; the
Material Safety Data Sheet (“MSDS”) only indicates that it is non-hazardous and non-toxic. The
product information sheet reports that the product is non-staining to the skin or clothing. The
colorant is typically added at a rate of 3 quarts per 100 gallons of solution, or 16 to 24 ounces per
acre sprayed. (See Programmatic EIS/EIR, Table 2-2). Product information for Blazon® Blue is
provided in Appendix E-2 to the Programmatic EIS/EIR. Table A-2 summarizes the chemical
properties of Blazon® Blue.

34 Miller P, Westra P, Herbicide Surfactants and Adjuvants, Colorado State University Cooperative
Extension, Bulletin no. 0.559, August 23, 2004.

% The categorization of surfactant classes is inconsistent and the names of surfactant classes are not
necessarily intuitive regarding the content of the surfactant. For example, crop oil concentrates are not
made from vegetable oils but from petroleum oils and not all surfactants with mainly non-ionic
ingredients, e.g., oils, are classified as non-ionic surfactants. To complicate the fact, surfactant mixtures
often contain several ingredients belonging to different surfactant classes. They are typically, but not
always, classified based on their main ingredient; for example, the surfactant Agri-Dex® is alternately
referred to as crop oil concentrate or as a non-ionic surfactant.

10
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3.1.5 Application Rates

Herbicide mixtures will be sprayed onto target plant surfaces, either manually with
backpack sprayers or with spray equipment mounted on trucks, amphibious tracked vehicles,
boats, or helicopters (broadcast sprayers or directed spray apparatus). (Programmatic EIS/EIR,
p. 2-13; Olofson 03/05.) In certain situations, pastes may be applied to cut stems or solutions
wiped or painted on foliage. Application of imazapyr herbicide would follow the same
guidelines and precautions set forth in the MMRP for the application of glyphosate herbicides.

Imazapyr. Habitat® tank mixes will be applied with varying concentrations , depending
on the application method, of typically at 1 to 1.5 Ib a.e. imazapyr/acre. High-volume handheld
sprayers will typically use a spray volume of 100 gal/acre. Low-volume directed sprayers will
use about 20 gal/acre. The aerial application with helicopters uses a low-volume tank mix of
10 to 30 gal/acre of a 2.5-7.5% solution of Habitat®. The low spray volumes are necessitated by
the relatively small helicopter tank volume (~50 gallons), which would otherwise require
frequent refilling. Helicopter applications are controlled via global positioning systems (“GPS”)
and are therefore quite precise. Applications via helicopter result in a uniform, vertical
deposition onto the plants. (Patten 03/05.)

Glyphosate. Compared to imazapyr, application of glyphosate requires considerably
higher concentrations of the active ingredient to achieve high rates of efficacy. Depending on
the application method, the herbicide is applied at a rate up to about 11 Ib a.e. glyphosate/acre.
Typically, these applications require considerably higher amounts of glyphosate active
ingredient per acre than imazapyr.

The exact herbicide solution concentration, the choice of surfactants and colorants, and
the determination of application rates will be based on site-specific conditions and are described
in the SSPs. Attached Tables A-3a and A-3b provide summaries of potential tank mixtures and
application rates for treatment of non-native Spartina in San Francisco Estuary with imazapyr
and glyphosate herbicides.

Experiences with imazapyr/glyphosate herbicide mixtures are limited and insufficient
for tabulation of potential application rates for the various treatment methods of the Spartina
Control Program. The most effective application rates will be experimentally determined,
following the directions of the more restrictive label.

3.1.6 Chemical/Physical Properties
Imazapyr. Under typical environmental conditions of pH 5-9, imazapyr is ionized and
therefore highly soluble in water. The solubility of imazapyr increases with temperature,

9,740 mg/L at 15°C (59 F), 11,272 mg/L at 25°C (77 F), and 13,479 mg/L at 35°C (95 F). Because
of its high solubility, imazapyr has an inherently low sorption potential with a low soil organic
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carbon sorption coefficient’¢ (“Ko.”) of 8.81 (log Ko), suggesting very high mobility in soil and
little adsorption to suspended solids and sediment. Its octanol/water partition coefficient?”
(“Kow”) has been reported at 0.2238 (log Kow), reflecting its high solubility in water and low
solubility in lipids, and hence low propensity to bioconcentrate. A low bioconcentration factor3®
(“BCF”) of 3 was calculated for imazapyr, which suggests a low potential for bioconcentration
in aquatic organisms. The vapor pressure® of imazapyr, 1.8x10-1* mmHg, indicates that
imazapyr is not expected to volatilize from dry soil surfaces and its estimated Henry’s Law
constant! of 7.1x10-7 atm m3/mole indicates low volatility of imazapyr from water or moist soil
surfaces. (Entrix 10/03, p. 31; HSDB 04/054.)

% The soil organic carbon sorption coefficient, or K., defines the partitioning of a chemical into the
organic fraction of the soil. It is based on the chemical’s distribution coefficient K4, which is the ratio of a
chemical’s concentration in a solid phase of a solid/ water system, normalized to the percent of organic
matter contained in the soil.

37 The octanol/water partition coefficient, or Kow, is the ratio of a chemical’s concentration in the octanol
phase to its concentration in the aqueous phase of a two-phase octanol/water system. Values of K., are
unitless, and usually measured at room temperature. Koy values range from 10-3 to 107, (log Ko of -3

to 7). A compound with a high Ko, is considered relatively hydrophobic, and tends to have low water
solubility, a large soil/sediment adsorption coefficient, a large retardation factor, and a large
bioconcentration factor.

38 The 2003 Entrix report cites a Kow of 1.3 for imazapyr, indicating the same properties. (Entrix 10/03,
p. 31.)

% Biological tissues may act as an additional reservoir for chemicals applied intentionally or inadvertently
to the environment. Bioconcentration refers to the absorption or uptake of a chemical from the media to
concentrations in the organism’s tissues that are greater than in surrounding environment. The degree to
which a contaminant will concentrate in an organism is expressed as the bioconcentration factor, or BCF,
which is defined as the concentration of a chemical in an organism’s tissues divided by the exposure
concentration. Thus, a BCF of 100 means that the organism concentrates that chemical to a concentration
100 times greater than in the surrounding media. The term bioaccumulation refers to the tendency of
some chemicals to become increasingly concentrated at successively higher trophic levels of a food chain
or food web.

40 Vapor pressure is a measure of a substance’s propensity to evaporate and become a gas. It is measured
as the pressure, i.e. is force per unit area, exerted by vapor in an equilibrium state, with surroundings at
given conditions of temperature and pressure, usually expressed in millimeters of mercury at 68F (20°C),
unless stated otherwise. It increases exponentially with an increase in temperature. The higher the vapor
pressure, the greater the tendency of the substance to evaporate.

41 Henry’s law applies to chemicals dissolved in dilute aqueous solutions that have reached equilibrium
between the aqueous and adjacent air phase, i.e. the solubility of a gas in a liquid is proportional to the
pressure of the gas over the solution. At equilibrium for a fixed temperature and chemical the ratio of the
chemical concentration in air to the chemical concentration in water is a constant referred to as the
Henry’s law constant.

42 National Library of Medicine, Hazardous Substances Database (“HSDB”), queries: imazapyr;
glyphosate; glyphosate isopropylamine salt; accessed April 6, 2005.
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Glyphosate. Under typical environmental conditions of pH 5-9, glyphosate is ionized.
Glyphosate and its salts are readily soluble in water with a solubility of about 12,000 mg/L. Its
interactions with soil and sediment are primarily ionic, rather than hydrophobic and pH
dependent. Laboratory and field studies indicate that glyphosate is strongly and reversibly
adsorbed by soil, sediment, and suspended sediment. Glyphosate is inactivated through soil
adsorption. Due to its negligible vapor pressure (7.5x10-¥ mmHg) and its ionic state in water,
glyphosate is not expected to volatilize from water or soil. Its very low Henry’s Law constant,
less than 1.44x10-12 atm-m?3/mole, indicates that it tends to partition in water versus air.
Glyphosate’s Kow has been reported at 0.00033, indicating its high solubility in water, low
solubility in lipids, and thus low potential to bioconcentrate. (HSDB 04/05; Schuette 1998.)

3.1.7 Environmental Fate

The environmental fate of herbicides, adjuvants, or their mixtures is determined by the
physical/chemical characteristics described above and the conditions of the environmental
compartments, or media, i.e. air, water, soils, sediments, and biota.

Imazapyr. The fate of imazapyr after application varies with environmental conditions.
Movement through the environment of the weak acid is primarily determined by the pH of the
environmental compartments.

Air. Because the vapor pressure and Henry’s Law constant for imazapyr are very low,
the fate pathway of this herbicide through volatilization is nonexistent.

Soils. Imazapyr is relatively mobile in soils because it adsorbs to soils and sediments
only weakly. Adsorption increases with decreasing pH. Above a pH of 5, imazapyr is ionized
and does not adsorb to soil. Volatilization of imazapyr from soil is insignificant. Aerobic®
degradation in soils occurs primarily by very slow microbial metabolism with quinoline as the
main metabolite. Anaerobic# metabolism in soils appears to be insignificant. (Entrix 10/03,
pp. 32-33.)

Sediments. Conditions in sediments differ substantially from those in soils, both in terms
of the regular exchange of waters within the sediment pore water and over it, and in the degree
of oxygenation in sediments that affect microbial metabolism. Because the pH of sediment
surfaces and sediment pore water in intertidal mudflats is above neutral (pH >7), imazapyr will
be entirely in its ionized form. Thus, adsorption to sediments is expected to be minimal. (Entrix
10/03, pp. 32-33.) Microbial metabolism in sediments has been determined to be insignificant.
One study determined the half-life of imazapyr in the pore water of aerobic sediment at

43 Aerobic is a descriptive term for processes or organisms that require the presence of oxygen to occur or
to live.

4 Anaerobic is a descriptive term for a process, such as fermentation or microbial degradation, that can
proceed in the absence of oxygen, or organisms that survive in the absence of oxygen.
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17 months. Other studies found no degradation in either aerobic or anaerobic sediment.
(American Cyanamid 1986b and 1988c in SERA 12/04.)

Water. In aquatic systems, imazapyr is not expected to be biodegraded or adsorbed to
sediment particles. Volatilization of imazapyr from water is insignificant. The degradation of
imazapyr when applied directly to water largely mimics the pathway by which the herbicide
would be mobilized at high tide after application to Spartina during low tide. Residual imazapyr
on the plants that have not completely dried or did not get absorbed by the plants will be
inundated by the incoming tide and presumably solubilized. (Entrix 10/03, pp. 35-38.) Aquatic
degradation studies under laboratory conditions demonstrated rapid initial photolysis of
imazapyr with reported half-lives ranging from 3 to 5 days. (BASF 2004; American Cyanamid
1986b in SERA 12/04.) The two primary photodegradation products were rapidly degraded
with half-lives less than or equal to 3 days and eventual mineralization to carbon dioxide
(“COy"). (Entrix 10/03, pp. 35-38.)

Degradation rates in turbid and sediment-laden waters, common to estuarine
environments, are expected to be lower than those determined under laboratory conditions. In
controlled field dissipation®’ studies in two freshwater pond systems with application of
1.5 1b imazapyr a.e./acre, imazapyr rapidly dissipated from the water with first-order half-lives
of 1.9 days and 12.8 days. No detectable residues of imazapyr were found in the water and
sediment after 14 and 59 days, respectively. (Entrix 10/03, pp. 35—36.) The pond in the study
with the longer half-life experienced a turnover# during the experiment, which resulted in an
increase in suspended particles and decreased clarity. The resulting reduced rate of photolysis
explains the differences in the rates of dissipation of imazapyr. (Birk 04/05.)

In estuarine systems, dilution of imazapyr in the incoming tide will contribute to its
rapid dissipation and removal from the area where it has been applied. Studies in estuaries in
Washington State examined the fate of imazapyr applied at a standard rate of 1.5 Ib imazapyr
a.e./acre directly to sediment. The study design was conservative because imazapyr was

4 Unlike laboratory degradation experiments where more variables can be controlled and measured, field
experiments are generally termed “dissipation” studies because the multiple variables inherent to such
systems limit the range of analyses that can be conducted.

46 Most lakes in temperate climates experience a turnover of their water bodies in spring and fall. Water is
most dense (heaviest) at 39 F (4°C) and as temperature increases or decreases from 39 F, it becomes
increasingly less dense (lighter). In summer, lakes are maintained by climate in what is called a stratified
condition. Less dense, warmer water is at the surface and denser, colder water is near the bottom. During
late summer and autumn, air temperatures cool the surface water causing its density to increase. The
heavier water sinks, forcing the lighter, less dense water to the surface. This continues until the water
temperature at all depths reaches approximately 39 F. Because there is very little difference in density at
this stage, the waters are easily mixed by the wind. The sinking action and mixing of the water by the
wind results in the exchange of surface and bottom waters, which is called “turnover.” During spring, the
process reverses itself. This time, ice melts, and surface waters warm and sink until the water
temperature at all depths reaches approximately 39 F. The sinking of water combined with wind mixing
causes spring “turnover.”
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applied to bare mudflats with no algal or emergent vegetation intercepting the herbicide. The
study measured immediate maximum concentrations of imazapyr in intertidal waters and
sediment less than 3 hours after application and short-term concentrations between 24 and

72 hours after application. Sediment samples collected 3 hours after application were retrieved
immediately after the first tidal wash over the area. Maximum concentrations in water and
sediment were detected at 3.4 mg/L and 5.4 mg/kg, respectively. Measurable concentrations of
imazapyr declined exponentially in both water and sediment, approaching the zero-asymptote
at 40 and 400 hours with half-lives of <0.5 and 1.6 days, respectively. Water collected 20 and
200 feet outside the spray zone with the first incoming tide was 99% lower than the maximum
water concentration at the edge of the spray zone. Application of the same amount of herbicide
to a stand of 5.5-foot tall Spartina resulted in a 75% reduction in concentrations in sediment
through interception by the canopy. (Patten 200347.) In sum, this research suggests that
imazapyr quickly dissipates in estuarine environments. In addition, the same researcher
observed that other vegetation immediately colonizes the plots treated with imazapyr after the
Spartina plants have died, which supports the conclusion of very low persistence of imazapyr in
estuarine environments. (Patten 04/05.) A study in Washington State evaluated imazapyr
concentrations in water after treatment of non-native Spartina directly after and 24 and 48 hours
after treatment at the treatment site and directly after treatment away from the treatment site to
detect off-site transport. All samples had imazapyr concentrations lower than 0.01 mg/L. The
highest concentration was found directly after application at the treatment site at 0.008 mg/L.
(Murphy 01/054.)

Biological Tissues. As discussed previously in Section 3.1.6, imazapyr has a very low
propensity to bioconcentrate or bioaccumulate as indicated by its low log Kow of 0.22 and its
calculated BCF of 3. (See attached Table A-1.) Several freshwater pond studies with a variety of
fish, a crustacean, and a mollusk confirm these theoretical conclusions for aquatic organisms.
(Entrix 10/03, p. 39.) In plants, imazapyr residues decline rapidly in the first 24 hours following
foliar application with the parent compound remaining as the major residue. (HSDB 04/05.)
Half-lives in plants have been determined to vary from 15 to 37 days. (Neary & Michael 1993;
Knisel et al. 1992; both in SERA 12/04.)

Glyphosate. The fate of glyphosate after application varies with environmental
conditions and is largely determined by its adsorption to particles.

Air. Because the vapor pressure and Henry’s Law constant for glyphosate are very low,
the fate pathway of this herbicide through volatilization is nonexistent.

Soils. In general, glyphosate is moderately persistent in soil. Soil studies have
determined glyphosate half-lives ranging from 3 to 130 days. The soil field dissipation half-life
averaged 44 to 60 days. In the soil environment, glyphosate is resistant to chemical degradation,

47 Patten K, Persistence and non-target impact of imazapyr associated with smooth cordgrass control in
an estuary, Journal of Aquatic Plant Management, vol. 41, pp. 1-6, 2003.

48 Murphy K, 2004 Spartina Eradication Program, Water Quality Monitoring, January 20, 2005.
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is stable to sunlight, is relatively non-leachable, and has a low tendency to runoff (except as
adsorbed to colloidal matter). It is relatively immobile in most soil environments as a result of
its strong adsorption to soil particles. Less than one percent of the glyphosate in the soil is
absorbed via the roots. The herbicide is inactivated and biodegraded by soil microorganisms
under both aerobic and anaerobic conditions. Rates of decomposition depend on soil and
microorganism population types. The primary metabolite of glyphosate is
aminomethylphosphonic acid (“AMPA”). Degradation of AMPA is generally slower than that
of glyphosate possibly because AMPA may adsorb onto soil particles more strongly than
glyphosate and/or because it may be less likely to permeate the cell walls or membranes of soil
microorganisms. (HSDB 04/05; Schuette 1998, Programmatic EIS/EIR.)

Sediments. Glyphosate is rapidly and strongly adsorbed to sediment, which appears to be
the major sink for glyphosate in aquatic systems. Like in soils, the herbicide is inactivated and
biodegraded by microorganisms. (HSDB 04/05; Schuette 1998, Programmatic EIS/EIR.)

Water. Several studies indicate that glyphosate is stable in water at pH ranging from
3 to 6. The photolytic half-life of glyphosate in deionized water exposed outdoors to sunlight
was approximately 5 weeks at 100 ppm and 3 weeks at 2000 ppm. Glyphosate shows little
propensity toward hydrolytic decomposition. Its hydrolysis half-life is greater than 35 days. It is
also stable to photodegradation under visible light but photolyzes when exposed to UV
radiation. Glyphosate’s loss from water occurs mainly through sediment adsorption and
microbial degradation. The rate of microbial degradation in water is generally slower because
there are fewer microorganisms in water than in most soils. Studies conducted in a forest
ecosystem found that glyphosate dissipated rapidly from surface water ponds high in
suspended sediment, with first order half-lives ranging from 1.5 to 11.2 days. In streams,
residues were undetectable within 3 to 14 days. Other studies using water from natural sources
determined glyphosate’s half-life ranging from 35 to 63 days. For all aquatic systems, sediment
appears to be the major sink for glyphosate residue. A review of the literature on glyphosate
dissipation applied under estuarine conditions suggests that 24 to 48 hours after applications,
glyphosate concentrations in water were reduced by more than 60-fold but detected residues
were still two orders of magnitude greater than imazapyr residues. (Patten & Stenvall 2002.)
A study in Washington State evaluated glyphosate concentrations in water after treatment of
non-native Spartina. Directly after and 24 and 48 hours after treatment, most samples were
lower than 0.1 mg/L. In two samples taken directly after application, glyphosate concentrations
of 0.76 and 2.24 mg/L were detected. The latter concentration was collected at the base of a farm
dike, possibly indicating runoff from the farm. (Murphy 01/05.)

Biological Tissues. Glyphosate is not expected to bioconcentrate in aquatic organisms.
Most studies report minimal retention and rapid elimination in fish, birds, and mammals.
(HSDB 04/05.) The highest reported bioaccumulation factor (“BAF”) for glyphosate in aquatic
freshwater organisms has been determined at 65.5 for tilapia. (Wang et al. 1994 in Programmatic
EIS/EIR, p. 3.3-26.) Most other studies reported much lower bioaccumulation factors in the
range of 0.3 to 1.6 for fish. (Ebasco 1993 in Programmatic EIS/EIR, p. 3.3-26.) In a study of the
fate of glyphosate that was applied to two hardwood communities in the Oregon coastal forest,
none of the ten Coho salmon fingerlings analyzed had detectable levels of glyphosate or its

16



Exhibit 5: Addendum to the ISP FEIS/R

LESON & ASSOCIATES
Use of Imazapyr Herbicide to Control Invasive Spartina in the San Francisco Estuary
Water Quality, Biological Resources, and Human Health and Safety

metabolite AMPA despite glyphosate levels in stream water that were detectable for 3 days and
levels in sediment that were detectable throughout the 55 day study period. Levels in
herbivores, carnivores, and omnivores were at or below that in ground cover and litter,
indicating that glyphosate does not bioaccumulate in higher tropic levels. (Schuette 1998.)
According to the U.S. EPA’s classification, glyphosate has a low potential to bioaccumulate
(BAF <100). (U.S. EPA 09/93.) In one metabolism study with rats, most of the glyphosate
administered (97.5 percent) was excreted in urine and feces as the parent compound; less than
one percent of the absorbed dose remained in tissues and organs, primarily in bone tissue.
Aminomethylphosphonic acid was the only metabolite excreted. A second study using rats
showed that very little glyphosate reaches bone marrow, that it is rapidly eliminated from bone
marrow, and that it is even more rapidly eliminated from plasma. (U.S. EPA 09/93.)

Studies with a variety of plants indicate that uptake of glyphosate or AMPA from soil is
limited but depending upon soil type and conditions, some root uptake may occur. The major
pathway for uptake of glyphosate in plants is through the foliage. Surfactants increase the
diffusion rate across the plasma membrane, but not the cuticle. Glyphosate is not metabolized
by plants. The absorbed compound is readily translocated throughout the plant. (HSDB 04/05;
Schuette 1998, Programmatic EIS/EIR; U.S. EPA 09/93.)

Adjuvants. Registration requirements for adjuvants are not as stringent as those for
herbicides. The long-term fates of most adjuvants in the environment are largely unknown,
partially because of the lack of long-term monitoring data, but also because the ingredients in
most adjuvants are not disclosed. Most adjuvant labels or MSDSs include information on the
adjuvants’ physical properties (boiling and freezing points, specific gravity, evaporation point,
etc.), fire and explosion hazard data, reactivity data, and health hazard data. Unlike herbicide
labels however, most adjuvant labels or MSDSs do not include information of the compounds’
behavior or fates in the environment. Most adjuvant labels and MSDSs also do not describe the
adjuvants’ mechanisms of action, rates of metabolism within plants, rates of photodegradation
or microbial degradation, persistence in the environment, potential for volatilization, or
potential mobility in soil or water. It is known that many surfactants adsorb to soil particles. (Tu
et al. 2001.)

3.2 Efficacy and Application Challenges

Comparison studies of the efficacy of imazapyr relative to glyphosate for the control of
non-native Spartina have been conducted by a number of researchers. (Patten 2002.) Some
studies included a combination of methods such as herbicide/smothering or herbicide/cutting.
In most cases, the use of imazapyr was found superior to glyphosate, which exhibited variable
control. (Pritchard 1994, Shaw and Gosling 1995, Garnett et al. 1992, Kilbride et al. 1995, all in
Patten 2002; Patten and Stenvall 20024%; Patten 2002; Patten 03/05.)

4 Patten K, Stenvall C, Managing Spartina with glyphosate and imazapyr, Proceedings of the
11t International Conference on Aquatic Invasive Species, Alexandria, VA, February 25-28, 2002.
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Imazapyr. Imazapyr has been shown to be effective for control of emerged aquatic
nuisance vegetation such common reed (Phragmites australis), torpedo grass (Panicum repens),
giant reed (Arundo donax), and others. (Entrix 10/03, pp. 25/26; BASF 2004.) Studies with
imazapyr for control of non-native Spartina have to date almost exclusively been conducted in
Washington State. In an estuarine environment, imazapyr has a number of advantages over the
use of glyphosate. First, the quicker drying time (the manufacturer claims rainfastness after 1
hour) of this herbicide facilitates a higher uptake of the active ingredient into the plants before
the next tidal inundation washes the formulation off the leaves. Second, unlike glyphosate,
imazapyr does not adsorb to particles and therefore remains active until either absorbed by the
plant or washed off. Third, according to the manufacturer, the imazapyr formulation can be
mixed with brackish or salt water, eliminating the need for access to freshwater. (Birk 04/05.)
Fourth, imazapyr herbicide requires considerably lower spray volumes than glyphosate,
therefore allowing larger areas to be treated before refilling of tanks becomes necessary. Finally,
imazapyr applications in estuarine environments have been demonstrated to be more cost-
effective than applications of glyphosate formulations. (Patten 03/05.)

Experiences with Imazapyr from Washington State

Experiences in Washington State regarding the efficacy of imazapyr/surfactant mixtures
have been mixed and unpredictable ranging from 100% control to complete failure in a number
of experiments conducted during April 1 through October 31. Efficacy did not seem to be
correlated to the time of year and failures were most often related to the inherently more
uneven hand applications; aerial applications with helicopters were more uniform and typically
resulted in better control. In general, efficacy was affected by the time of application, spray
volume, the choice of surfactant, and water quality, i.e. salinity and suspended sediment.
Efficacy was positively correlated with drying time and the quality of the canopy resulting in
direct contact with foliage, i.e. clean green leaves that are actively photosynthesizing; no
sediment/mud on leaves; no epiphytic® (algae/eelgrass) or fungi growth on leaves. A low
volume application in summer onto Spartina infested by fungi showed low efficacy. Further,
interference appears to occur with applications onto dense seed heads, requiring higher volume
applications for adequate control. Aerial application on 500 to 600 acres in Willapa Bay in late
August/early September 2004 (i.e. during late anthesis®') resulted in 100% control (as observed
in spring 2005). (Information regarding application rates, type of surfactant, time of day, and
weather conditions were not available.) Application during early morning hours (about 5 a.m.)
appeared to be preferable to mid-day applications. An additional benefit of application in the
early morning hours is that it is typically not windy that time of day. Further, early morning
dew on the Spartina canopy slightly prolongs the drying time of Habitat®, which appears to be
desirable. (Patten 03/05; Patten 03/04.) Too-quick drying during the heat of the day could result

50 The term epiphyte refers to a plant that grows on another plant; usually restricted to deriving only
support and not nutrition.

51 Anthesis is the period during which a flower is fully open and functional.

18



Exhibit 5: Addendum to the ISP FEIS/R

LESON & ASSOCIATES
Use of Imazapyr Herbicide to Control Invasive Spartina in the San Francisco Estuary
Water Quality, Biological Resources, and Human Health and Safety

in crystallization of the compound, which makes it inaccessible for uptake by plants.
(Hammond 200152.)

The most recent assessment from Washington State for Willapa Bay regarding control of
Spartina with Habitat® evaluated varying spray volumes, surfactants, methods of application
(aerial and boom spraying). Although a preliminary analysis showed considerable variability
between sites, they were still considerably better any previous efforts. (Patten 04/055%.)
Numerous large control sites achieved 90 to 95% control or better. The author concluded that
timing of spraying may be significant and suggested a preferable time window of late June to
early August. The cited reasons for this timing were better (presumably shorter) dry time, large
canopy to root mass, better translocation to the root system, better spray conditions, or cleaner
canopies. Because the findings of this study are preliminary and the reasons for the preferred
window of time somewhat speculative, it would be futile to try to extrapolate the timing to the
San Francisco Estuary. However, the author emphasizes that it would be preferable to avoid
viable seed production.

Canopy quality and integrity appeared to be very important. Areas where Spartina had
a large leaf area to root mass (mid season) and where plants had not been previously
compromised, i.e. had an undisturbed canopy, showed the best control results. These results
suggest that pre-treatment crushing is not desirable for best results. One rather disappointing
result of the study was the poor performance of hand applications with booms and hand guns.
The manufacturer of Habitat®suggested that this might have been due to poor boom design,
calibration and tuning and suggested the replacement of regular nozzles with so-called “air-
induction drop tips” made from stainless steel. Finally, the author suggested that the drying
time for Habitat® was longer than anticipated, leaving a narrower window than expected. The
author concluded the use of imazapyr applied under the right conditions would deliver the
level of control needed to eradicate Spartina.

Mixtures of Imazapyr and Glyphosate Herbicides

One shortcoming of imazapyr is that it is much slower acting than glyphosate; it takes
several weeks to months for damages to plants to become visible. Because of the slower action
of imazapyr, it is more difficult to evaluate the completeness of treatments, especially with
many of the applications in the San Francisco Estuary occurring late in the season fairly close to
the time of senescence of Spartina and natural browning. This precludes a follow-up application
on spots or areas that were missed with the first application in the same year due to the rather
short window of time available for treatment of many locations in the San Francisco Estuary (in
2005, July 1st through September 1st, at most locations). (Grijalva 04/0554.) For example,

52 Hammond MER, The experimental control of Spartina anglica and Spartina x townsendii in estuarine
saltmarsh, Ph.D. Thesis, University of Ulster, Northern Ireland, 2001.

5 Kim Patten, WSU Long Beach, Spartina Regrowth in Willapa Bay in April 2005 as a Function of
Herbicide Treatment in 2004, Preliminary Conclusions, via email, April 6, 2005.

5 Personal communication with Erik Grijalva, Invasive Spartina Project, Berkeley, CA, April 2005.
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treatment of breeding sites of the endangered California clapper rail is controlled by the
breeding season, which extends from April 15t through September 1st. (Olofson 03/05.)
However, imazapyr could potentially be used in combination with glyphosate, which acts
considerably faster and would serve as a brown-down indicator. The addition of glyphosate to
the tank mix would allow for better evaluation because brown-down would occur within two
weeks, allowing for an additional application to be performed on those areas not treated
properly. (Patten 03/05; Kerr 04/05%.)

Glyphosate. Glyphosate herbicides are effective for the control of a large number of
emerged aquatic nuisance species. (Monsanto 2000; Dow AgroSciences 2001.) However, its use
for control of non-native Spartina is hindered by a number of factors that limit its efficacy under
the tidal conditions inherent to estuaries. It requires long drying times (minimum 6 hours),
which limits its efficacy in estuaries, where the diurnal tidal cycles leave only a small window of
time for application, drying, and absorption by the plants. (Patten 03/05.) Glyphosate’s efficacy
is further reduced because it readily adsorbs to sediment particles. (See Section 3.1.6.) Once
bound, it is inactivated and its herbicidal effect is lost. Because tidal waters often contain a high
amount of suspended sediment, vegetation inundated by tides, such as Spartina, is frequently
coated with a thin layer of sediment particles, which drastically reduces the efficacy of
glyphosate herbicide applications. Consequently, even at high application rates of more than
16 1b glyphosate a.e./acre, the efficacy of glyphosate is highly variable and depends on local
conditions. On non-native Spartina, glyphosate has been found to work most effectively when
applied with the non-ionic surfactant R-11¢. (Patten 03/05.) The surfactant R-11® is currently
not approved in California for marine use and, as mentioned before, the ISP does not intend to
use R-11® or other nonyl-phenol surfactants.

The use of glyphosate in an estuarine environment is further complicated because its
application requires mixing of the formulation with freshwater. Glyphosate formulations can
not be mixed with brackish or salt water. (Patten 03/05.) Because in many of the areas of the San
Francisco Estuary freshwater is not readily available in the quantities required for glyphosate
application, transportation of large quantities of freshwater to the sites would be required.
(Olofson 03/05.) Aerial applications of glyphosate, carried out by helicopters, are also
hampered because of the large spray volumes necessary to achieve satisfactory efficacy, which
necessitate frequent refilling of the comparatively small tanks of helicopters. (Patten 03/05;

Birk 04/05.)

5 Personal communication with Drew Kerr, Invasive Spartina Project, Berkeley, CA, May 2005.
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4. ECOLOGICAL RISK ASSESSMENT SUMMARY

The following sections address the potential ecological risks associated with the use of
imazapyr and glyphosate herbicides for control of non-native Spartina in the San Francisco
Estuary. The evaluation is based on a number of documents and risk assessments that evaluated
the potential benefits and risks associated with the use of herbicides to control estuarine
nuisance vegetation. The 2003 Programmatic EIS/EIR contains such an evaluation specifically
for the San Francisco Estuary for control of non-native Spartina with glyphosate herbicides.
Additional information can be found in the 1993 Final Environmental Impact Statement from
Washington State (“WS FEIS 1993”) on the use of glyphosate for noxious emergent plant
management. (WS FEIS 11/935.) The 2003 Entrix report, a standard ecological risk assessment,
evaluated the use of imazapyr for control of non-native, invasive Spartina for the estuarine
environment in Washington State.

The sections below describe the ecological receptors and species of concern in the San
Francisco Estuary, estimate environmental exposure concentrations for imazapyr applications,
and a summarize and update the key information from the above-mentioned reports.

41 Ecological Receptors and Conceptual Exposure Model

The San Francisco Estuary provides a number of different salt marsh habitats, including
tidal brackish marsh, estuarine beaches, brackish lagoons, and tidal salt marsh pans and ponds.
These habitats support diverse, species-rich intertidal and subtidal ecological communities,
including several species of concern’’, some listed as threatened or endangered> (“T&E”) under

5% Washington State, Departments of Agriculture, Ecology, Natural Resources, Fisheries, and Wildlife and
Noxious Weed Control Board, Environmental Impact Statement - Final, Noxious Emergent Plant
Management, Element E: Environmental Effects of Glyphosate, Section 1, November 1993.

57 The term species of concern refers to a plant or animal with declining populations and believed in need of
concentrated conservation actions such as research, monitoring, or removal of threats, and given legal
classification as threatened or endangered. The U.S. Fish and Wildlife Service (“U.S. FWS”), defines this
term as those species listed in the periodic Birds of Conservation Concern report published by the
Division of Migratory Bird Management; priority migratory bird species documented in the North
American Waterbird Conservation Plan, United States Shorebird Conservation Plan, and Partners in
Flight Bird Conservation Plan; species or populations of waterfowl identified as high, or moderately high,
continental priority in the North American Waterfowl Management Plan; listed threatened and
endangered bird species under 50 CFR 17.11; and Migratory Bird Treaty Act (“MBTA”) listed game birds
below desired population sizes.

5 The term threatened and endangered species refers to those species that have been given special legal and
protective designations by Federal or State government resource agencies. A Federally endangered
species under the provisions of the ESA is in danger of extinction throughout all or a significant portion
of its range. A Federally threatened species is likely to become an endangered species in the foreseeable
future.
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the Federal Endangered Species Act (“ESA”). (For a detailed description of the biological
communities and a listing of the species of concern, consult the Programmatic EIS/EIR,

Section 3.3.1 and Appx. F.) Estuarine plants, algae, animals, and bacteria are all potential
receptors for exposure to herbicides. Humans are also potential receptors, particularly herbicide
applicators, but also people who live or work close to marshland or who use treated marshland
for recreation.

Application of imazapyr or mixtures of imazapyr with glyphosate would be executed in
the same way as glyphosate applications, i.e. herbicide mixtures will be sprayed onto target
plant surfaces, either manually with backpack sprayers or with spray equipment mounted on
trucks, amphibious tracked vehicles, boats, or helicopters (broadcast sprayers or directed spray
apparatus). In certain situations, pastes may be applied to cut stems or solutions wiped or
painted on foliage. (See Section 3.1.5.) Therefore, the ecological receptors and species of concern
occurring in the marshes in the San Francisco Estuary where imazapyr would be used to control
non-native Spartina are identical to those identified in the Programmatic EIS/EIR for the
application of glyphosate. (See Programmatic EIS/EIR, Section 3.3.1)

For effects on a biological receptor to occur, a receptor, exposure to the chemical of
concern, and a complete exposure pathway must be present. An exposure pathway is only
considered complete when all four of the following elements are present: a project-related
source of the chemical; a mechanism of release of the chemical from the source to the
environment; a mechanism of transport of the chemical to the ecological receptor; and a route
by which the receptor is exposed to the chemical.

Based on the known properties of the herbicide glyphosate, potential methods of its
application, and the ecological characteristics of the Estuary, the Programmatic EIS/EIR
developed a conceptual exposure model and identified likely receptors and exposure pathways.
Focusing on acute effects, this model included identification of primary and secondary
herbicide sources, release mechanisms, exposure media, exposure routes, and potential
ecological receptors. The Programmatic EIS/EIR identified potentially complete exposure
pathways for non-target aquatic plants and algae through direct uptake, to aquatic and benthic
invertebrates and fish through uptake and ingestion, and to birds and mammals through
ingestion. Other pathways were deemed minor, insignificant, or incomplete. The inhalation
pathway for birds and mammals was not quantified due to a lack of sufficient data. Exposure
pathways for humans, primarily applicators, were deemed insignificant or incomplete.
(Programmatic EIS/EIR, pp. 3.3-25-3.3-27, Figure 3.3-2.)

The 2003 Entrix report developed a similar conceptual model for imazapyr herbicide
impacts to aquatic and terrestrial receptors in Willapa Bay and Padilla Bay in Washington State,
accounting for the sources, pathways, and routes of exposure to the different trophic levels. In
addition to the above identified, this model deemed the following pathways to be complete and
potentially significant: for aquatic and benthic invertebrates and fish through respiration, for
birds and marine mammals through dermal exposure and inhalation, and for terrestrial
mammals through inhalation. The model also evaluated terrestrial invertebrates, reptiles, and
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amphibians and identified complete pathways through direct contact/dermal exposure,
inhalation, and ingestion. (Entrix 10/03, pp. 20-22, Figures 2.3 and 2.4.)

4.2 Estimated Environmental Exposure Concentrations for Imazapyr Applications

For purposes of the estimating environmental exposure concentrations (“EECs”), the
2003 Entrix report assumed the use of the herbicide Arsenal®, which is identical with Habitat®.
The following assumptions were used:

— Application of Arsenal® at the maximum concentration recommended for aquatic
use. i.e. 6 pints Arsenal®/acre, equivalent to 1.5 pounds active ingredient (acid
equivalents) per acre.

— A maximum of one application time per year until eradication is complete.

— Dilution of the neat herbicide formulation with water and surfactant prior to
application. Surfactant added to the herbicide/water mixture to yield 1% of the
spray solution applied.

— Three methods of herbicide application were considered including 1) hand-held
sprayer unit, 2) boom-mounted sprayer, and 3) aerial sprayer. Spray volumes by
these methods can vary from a minimum of 2.5 gal/acre to a maximum of 80
gal/acre.

— Herbicide quantity (mass) per unit area did not vary by spray volume
(i.e. 1.5 1b/acre) but surfactant rates will, as they are normalized to spray volume.
Ultra-low to low spray volumes of 2.5 to 20 gal/acre were assumed to be the most
likely application rates, but risks of surfactant toxicity are also considered with high
volume applications up to 80 gal/acre.

With the exception of the maximum spray volume, all assumptions apply equally for the
Spartina Control Program. The most likely spray volumes to be used in the Estuary are
100 gal/acre for high-volume handheld applications, 20 gal/acre for low-volume directed
sprayers, and 10-30 gal/acre for aerial applications with helicopters. (See Section 3.1.5.) (The
active ingredient is applied at up to 1.5 Ib/acre.) The higher maximum spray volume for
manual applications results in higher application of surfactants than assumed in the 2003 Entrix
report because surfactant rates are normalized to the spray volume not to the active ingredient.
The resulting surfactant concentration is therefore 25%35° higher than assumed in the 2003 Entrix
report.

4.21 Concentrations in Water
Herbicide mixtures may be indirectly released to surface waters by the incoming tide

after application. (In the San Francisco Estuary rainfall is unlikely to occur during the planned
application season.) The resulting concentrations in water will be affected by canopy

59100/80 = 1.25.
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interception of the applied herbicide, uptake into the plants, uptake into the root zone, and
aerial drift.

The 2003 Entrix report developed a theoretical scenario for concentrations of imazapyr
in water after application of 1.5 Ib a.e./acre, the manufacturer-recommended maximum
application rate, assuming no adsorption to sediment or vegetation, no foliar interception, and
complete solubility of the herbicide in an incoming tide. This scenario is equivalent to
application of the herbicide directly onto the sediment. Inset Figure 1 shows the modeled
imazapyr concentrations in water above a unit area, which decrease exponentially with
increasing depth.

Figure 1: Estimated water concentrations of imazapyr in tidal waters
with no canopy interception and an application rate of 1.5 1b a.e./acre
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From Entrix 10/03, p. 60; 1 m equals roughly 3 feet

One recent persistence study in Washington State investigated whether the herbicide
would concentrate in the leading edge of the incoming tide as it moves over the treated site and
continually dissolves herbicide from the sediment. Imazapyr herbicide was applied at the
manufacturer-recommended rate of 1.5 Ib a.e./acre directly onto a non-vegetated mudflat at the
upper intertidal zone. The site was roughly 30 by 33 meters in size and aligned parallel with the
tidal wetting front. Three hours later immediately following the first tidal flush, samples were
collected 0.3, 6, and 60 meters beyond the upper tidal end of the site immediately after the
incoming tide had reached the respective sampling site. The highest imazapyr concentration of
5.77 mga.e./L, or 0.055 mg a.e./in? ¢, was measured in 1-inch deep water at the upper tidal
edge of the site. The average maximum concentration from three samples was 3.4 mg/L.
(Patten 2003; Entrix 10/03, p. 61.) Thus, compared to the original application of 1.5 1b a.e./acre,
or 0.11 mg a.e. onto a unit area of 1 square inch¢!, the measured concentration in the first flush
water was lower by a factor of about 262 and considerably lower than the theoretical worst-case
calculations by the 2003 Entrix report. The concentration of imazapyr in water collected 6 and

6 (3.4 mg/L) / (61in3/L) = 0.055 mg/in>
61 (1.5 1b/acre) x (453,592 mg/1b) / (6,272,640 in2/acre)= 0.108 mg/in?
62 (0.055 mg/in%) / (0.11 mg/in?) = 1.94/in
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60 meters outside the treatment area was 99% lower than the maximum water concentration
collected at the edge of the treatment area. The highest measured imazapyr concentration in
sediment was 5.4 mg a.e./kg. No residues could be detected in water and sediment after 40 and
400 hours, respectively, with half-lives of <0.5 and 1.6 days, respectively, suggesting rapid
dissipation of imazapyr from both water and sediment.

Under typical treatment conditions, the Spartina canopy will intercept the sprayed
herbicide and will thus titrate the herbicide into the rising water. For aerial applications, the
highest concentration of applied herbicide will be deposited in the upper canopy and hence will
not be solubilized until the rising water reaches that portion of the canopy. In many cases, the
upper portion of the canopy will not be inundated by the tide but will stay above it, thereby
preventing the tide from washing off the herbicide. High interception rates reduce the potential
exposure to aquatic receptors. In addition, a portion of the herbicide will be absorbed into the
plant before the incoming tide washes of the remainder.

Foliar interception from canopies of a variety of grasses has been estimated at about
40%. (Entrix 10/03, p. 59.) Empirical results from Washington State indicate a canopy
interception rate of about 75% for Spartina meadows. (Patten 2003.) The same foliar interception
rate has been proposed by the manufacturer of imazapyr herbicides. (Mangels & Ritter 2000 in
Entrix 10/03, p. 59.) For small stands of Spartina, which would be treated by manual
application, the 40% interception value is more realistic because of the greater amount of edge
around the clones. For Spartina meadows, which would be treated by aerial application, higher
interception rates are more likely. Studies in grasslands suggest that 10% of the applied
herbicide will drift off-site (or onto non-target vegetation) and the remaining 50% will be
deposited onto the underlying sediment and be solubilized with the first flush. (USES 2.0 1998
in Entrix 10/03, p. 60.)

The San Francisco Estuary is home to a variety of different types of tidal marshes, some
with hydraulic regimes that conceivably could result in higher imazapyr concentrations in
water than modeled in the 2003 Entrix report. Of particular concern are tidal areas with little or
slow exchange of water with the tides. Some marshes may be subject to slow laminar-flow
flooding with the incoming tide rather than having turbulent conditions that allow for mixing
of the herbicide in the water column. At such sites, the tides flood the channels and from there
slowly “bleed” into the vegetated areas rather than proceeding in a lateral uniform flow up the
shore. The leading edge of water, which slowly flows into the marsh, dissolves the herbicide
from the sediment, potentially resulting in ever increasing concentrations as it continues to flow
further inland. These types of marshes include, e.g., diked marsh restoration areas with small
outlets connecting to the Bay or the inner areas of larger marshes.

The ISP evaluated all marshes in the San Francisco Estuary to be treated with herbicide
to identify such conditions. Most Spartina-infested marshes that will become inundated by tidal
water following imazapyr application have a multitude of channels that will transport water
directly from the San Francisco Bay before overbanking and causing lateral flow across the
marsh. In such marshes, the channels themselves will not be treated. The maximum distance of
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lateral flow across a treated area before combining with flow from another direction was
estimated to be about 100 feet.

To model the hypothetical worst-case concentration of herbicide that might arise in such
a scenario, the following assumptions were made:

— Uniform spraying of herbicide across the entire marsh surface (but not in channels)
at the highest manufacturer-recommended application rate of 1.5 Ib imazapyr
a.e./acre;

— 40% interception of herbicide by plant canopy and 60% of herbicide reaching
sediment;

— No adsorption of the herbicide to sediment or absorption into vegetation;
— No evaporation of herbicide;
— No dilution through rain or other input of fresh water;

— The incoming tidal water overbanks from a channel and flows laterally across the
surface of the marsh to a maximum distance of 100 feet;

— Herbicide from a unit area sediment (square foot) is instantly fully dissolved and
mixed in the first unit volume (cubic foot) of water that flows through; and

— The entire amount of active herbicide that was deposited onto the sediment
dissolves in the leading edge of the incoming tide water.

Based on these conservative assumptions and disregarding potential losses due to spray
drift, the highest potential concentration in the leading unit volume of water of 1 cubic foot was
determined to be 33.1 mg imazapyr a.e. /L. (See attached Table A-4.)

4.2.2 Residues in Plants and Animals

As discussed above (see Section 4.2.1), canopy interception rates will affect both plant
residues and potential concentrations of the herbicide in water. Following application of
1 pound herbicide per acre onto tall grasses, maximum residual concentrations in plants were
modeled at 87 mg/kg plant. A field experiment with the same application rate determined
maximum concentrations of 29 mg/kg plant. (Hoerger & Kenaga 1972; Fletcher et al. 1984; both
in Entrix 10/03, p. 60.) Extrapolated to the higher application rate proposed for Spartina control,
1.5 Ib/acre, the estimated residue concentration shortly after spraying would be 130.5 mg/kg®
based on the modeled residues and 43.5 mg/kg¢* based on the empirical results. No field data
for Spartina control were available for review to compare against these residue estimates.

63 87 mg/kg x 1.5 =130.5 mg/kg
629 mg/kg x 1.5 =43.5 mg/kg
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Imazapyr residues in plant material will change over time and this degradation has not
been empirically determined in treated Spartina.

4.2.3 Sediment Concentrations

As previously mentioned (see Section 3.1.7), limited testing of marine sediment
concentrations following imazapyr treatment of bare mudflats has been conducted in
Washington State. (Patten 2003). The highest value measured in sediment was 5.7 mg/kg. This
value is highly conservative in that the measurements were taken after the first tidal wash, and
hence represent “acute” sediment conditions as opposed to more chronic sediment conditions.
The half-life in estuarine sediments will be substantially less than the 12.2-day half-life
determined in freshwater pond because of the tidal exchange of waters. However, due to the
non-static nature of the estuarine environment, true sediment half-lives cannot be determined
from empirical measurements and “dissipation” rates more accurately describe what is actually
occurring in the estuarine environment — capturing the multiple mechanisms that reduce
sediment concentrations over time. The dissipation study from Washington State (see Section
4.2.1) suggests complete dissipation of the herbicide from sediment in 400 hours with a half-life
of 1.6 days. Approximately one fourth of the maximum detected concentration of imazapyr in
sediment, 5.7 mg/kg, was detectable after roughly 4 days post treatment. The study found no
persistence of imazapyr (or glyphosate) in sediment after application onto beds of Japanese
eelgrass (Zostera japonica) and pickleweed. The treated beds were reinfested within 1 year of
treatment. (Patten 2003.)

4.3 Toxicity of Imazapyr and Glyphosate

Categories for the qualitative ranking of ecotoxicity to mammals, birds, bees, and
aquatic organisms based on LDsy or LCso values according to U.S. EPA’s criteria for ecological
risk assessments are summarized in attached Tables A-5, A-6, and A-7.95 This ranking scheme
allows a qualitative comparison of the toxicity of the active ingredient and its formulations
amongst species.

The following sections provide brief summaries of the acute, subchronic, and chronic
toxicity%® of imazapyr and glyphosate herbicides to mammals, birds, insects, reptiles and

5 No ecotoxicity categories exist for terrestrial reptiles and amphibians.

6 Acute toxicity describes adverse effects occurring within a short time of administration of a single dose
of a chemical, or immediately following short or continuous exposure, or multiple doses (typically 96 or
24 hours or less). Subchronic and chronic toxicity describe adverse effects occurring as a result of repeated
daily dosing of a chemical, or exposure to the chemical, for part of an organism’s lifespan (subchronic
usually less than 10%; chronic usually more than 50%).

Various ways of measuring toxicity have been developed. Results from toxicity studies are typically
provided as so-called effect concentrations (“EC”) causing a certain percentage inhibition of a process.
The most common scales used to determine the degree of toxicity include the median lethal dose (“LDs")
and the median lethal concentration (“LCs¢”) at which 50% death of the test organisms have occurred.
The LDsp describes the acute oral or dermal toxicity while the LCso describes acute inhalation toxicity. The
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amphibians, fish, aquatic invertebrates, and non-target vegetation. The sections further identify
data gaps. Most studies regarding toxicity have been conducted with the parent compounds.
Attached Tables A-8 through A-12 summarize toxicity studies for imazapyr and its
isopropylamine salt from the 2003 Entrix and 2004 SERA reports and from the literature. Data
on the toxicity of formulations as well as mixes with surfactants are provided where available.

Few studies have been conducted evaluating the combined toxicity of herbicide
mixtures. A review of the literature shows that the occurrence of synergistic effects resulting
from the application of herbicide mixtures is rare. For example, one comprehensive study of
more than 400 combinations of pesticides showed that most had only additive or less than
additive effects. Other studies also demonstrated the lack of synergistic effects. (Crockett
03/05¢7.) The toxicity of imazapyr/glyphosate mixtures potentially used for control of non-
native Spartina can therefore be derived from the individual compounds as described below.

4.3.1 Mammals

Imazapyr. Attached Table A-8 summarizes studies on the acute and subchronic
mammalian toxicity to imazapyr and imazapyr isopropylamine salt (technical compounds and
diluted solution). Based on U.S. EPA ecotoxicity criteria (see attached Table A-5), imazapyr is
considered practically non-toxic to mammals via oral or dermal administration based on acute
and chronic studies conducted with a variety of mammalian species. For example, the reported
acute oral LDs for technical imazapyr in rats is greater than 5,000 mg/kg body weight (“b.w.”)
Rats were observed to rapidly excrete imazapyr in urine and feces with no residues detected in
their liver, kidney, muscle, fat, or blood. No observable effect was noted for any formulation of
imazapyr administered dermally. Very few inhalatory studies were performed and none tested
concentrations high enough to determine acute toxicity. Inhalatory effects at sublethal
concentrations (<5 mg/L aerosol) were found with technical grade imazapyr resulting in slight

former is expressed in milligram per kilogram (“mg/kg”) body weight (“b.w.”) while the latter is
expressed as parts per million (“ppm”) for gases and milligrams per cubic meter (“mg/m?®”) of air or
milligrams per liter (“mg/L"”) of water for liquids. The more toxic the chemical, the smaller the LDs, or
LCso. Other important toxicity values are the lowest-observable effect level (“LOEL”) or concentration
(“LOEC”) and the no-observable effect level (“NOEL”) or concentration (“NOEC”).

67 Attachment ‘synergy-monsanto.doc’ to email from Ron Crocket, Monsanto, to Peggy Olofson, Invasive
Spartina Project, Re: Aquamaster/imazapyr manuscript, March 29, 2005.

Various ways of measuring toxicity have been developed. Results from toxicity studies are typically
provided as so-called effect concentrations (“EC”) causing a certain percentage inhibition of a process.
The most common scales used to determine the degree of toxicity include the median lethal dose (“LDs")
and the median lethal concentration (“LCs¢”) at which 50% death of the test organisms have occurred.
The LDsp describes the acute oral or dermal toxicity while the LCso describes acute inhalation toxicity. The
former is expressed in milligram per kilogram (“mg/kg”) body weight (“b.w.”) while the latter is
expressed as parts per million (“ppm”) for gases and milligrams per cubic meter (“mg/m3”) of air or
milligrams per liter (“mg/L"”) of water for liquids. The more toxic the chemical, the smaller the LDs, or
LCso. Other important toxicity values are the lowest-observable effect level (“LOEL”) or concentration
(“LOEC”) and the no-observable effect level (“NOEL”) or concentration (“NOEC”).
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nasal discharge and congested lungs. Technical grade imazapyr and imazapyr isopropylamine
salt were both found to be moderately irritating to rabbit eyes with complete recovery within
7 days. Technical grade imazapyr is reported as mildly irritating to rabbit skin. Commercial
formulations of imazapyr appear to be less toxic via dermal exposure. (Entrix 10/03, p. 42-44.)
Chronic and subchronic toxicity studies with imazapyr with dogs, mice, and rats did not
suggest any systemic toxic or carcinogenic effects. (SERA 12/04.)

Glyphosate. Glyphosate has been determined to be practically non-toxic to mammals by
ingestion with an acute oral LDsp of 5,600 mg/kg b.w. in rats. The no-observed-effect level
(“NOEL”) for chronic toxicity to rats has been determined at 362 mg/kg b.w./day (8,000 ppm)
and LOEL at 940 mg/kg b.w./day (20,000 ppm). (USDA 1981; Monsanto 1983; both in WS FEIS
11/03.) The reported acute LDsg values for dermal effects range from >5,000 to 7,940 mg/kg for
rabbits. Subchronic oral toxicity studies of glyphosate with rats and dogs indicate that oral does
of up to 2,000 ppm do not significantly affect behavior, survival, or body weight. Laboratory
studies of the chronic effects of glyphosate show that it is slightly to practically non-irritating to
rabbits eyes. No significant reproductive, teratogenic, mutagenic, or carcinogenic effects from
exposure to concentrations of up to 300 ppm were reported in 20-year laboratory studies with
rats, dogs, rabbits, and mice.

4.3.2 Birds

Imazapyr. Only few toxicity studies exist for birds. Attached Table A-9 summarizes
studies on the acute and subchronic toxicity of the imazapyr formulation Arsenal® (identical
with Habitat®) to birds (mallard duck and bobwhite quail). No adverse effects were noted at
imazapyr concentrations of up to 5,000 ppm in the diet. Based on the highest doses tested and
the U.S. EPA ecotoxicity categories (see attached Table A-5), these results suggest that imazapyr
is moderately or less toxic orally to birds. No data exist for the potential toxicity of imazapyr to
shorebirds. (Fletcher 1983a,b,c,d in SERA 2004.) No studies exist on toxicity to raptors or on
preening or inhalation exposure potentials.

Glyphosate. Glyphosate is no more than slightly toxic to birds. Several single-dose acute
oral studies indicate that glyphosate is practically non-toxic to upland birds and only slightly
toxic to waterfowl. (U.S. EPA 09/93.) Dietary exposure to glyphosate concentrations of up to
4,640 ppm diet did not result in mortality or treatment-related effects. Chronic exposure studies
with glyphosate determined a no-observed-effect concentration (“NOEC”) of 1,000 ppm in the
diet. (Heydens 1991 in WS 11/93.)

4.3.3 Insects

Imazapyr. The only studies on the toxicity of imazapyr to insects are provided by
studies with the honey bee. The acute contact LDso for honey bees has been determined to be
greater than 0.1 mg/bee. (Gagne et al. 1991 in Entrix 10/03, p. 45.) The oral LDsp was determined
to be greater than 0.1 mg/bee. (Atkins & Kellum 1983 in SERA 12/04, p. 4-2.) These values
indicate that imazapyr is practically non-toxic to insects according to the U.S. EPA ecotoxicity
criteria. (See attached Table A-7.) Based on an average weight of 0.093 g/bee and making the
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very conservative assumption of 100% absorption, this would correspond to a lethal dose
greater than 1,000 mg/kg b.w.%8 (SERA 2004, p. 4-2.)

Glyphosate. Glyphosate has been found to be practically nontoxic to honeybees.
(U.S. EPA 09/93.) No other information on insects was found in the literature.

434 Reptiles and Amphibians

Imazapyr. Neither the published literature nor the files submitted by the applicant for
registration of imazapyr (evaluated in 2004 SERA report) contain information regarding the
toxicity of imazapyr to reptiles and amphibians,

Glyphosate. Pure glyphosate has been determined to be not very toxic to tadpoles of
some Australian species. (Hileman 2005¢.) However, a recent study in a simulated pond
ecosystem found that a glyphosate formulation for terrestrial use, Roundup®, caused a 70%
decline in amphibian biodiversity and an 86% decline in the total mass of tadpoles. While the
tadpoles of one frog species were completely unaffected, tadpoles of three other frogs and toads
were completely or nearly completely eliminated. (Relya 200470.) Previous research had
determined that the lethal ingredient in Roundup® was the cationic surfactant contained in the
formulation, polyethoxylated tallowamine. (Hileman 2005.) However, due to their intolerance
of saline conditions, amphibians are not expected in estuarine marshes.

4.3.5 Fish

Imazapyr. Attached Table A-10 summarizes toxicity studies for fish from the literature.
As detailed in both the 2003 Entrix and 2004 SERA reports, a number of standard bioassays
submitted to the U.S. EPA in support of the registration of imazapyr indicate very low toxicity
to fish with 96-hr LCso values greater than 100 mg/L in most studies. According to U.S. EPA’s
ecotoxicity classification for aquatic organisms (see Table A-6), these values classify imazapyr as
practically non-toxic, the lowest category for addressing acute risk to aquatic organisms from
use of chemicals. (U.S. EPA 04/05™.) A recent study suggests that both Habitat® and Rodeo®
have relatively low toxicity to juvenile rainbow trout. The LCsy determined for Arsenal®

68 (0.1 mg imazapyr/bee) / (0.000093 kg b.w./bee) = 1,075 mg/kg b.w.

6 Hileman B, Common Herbicide Kills Tadpoles, Chemical & Engineering News, vol. 83, no. 15, p. 11,
2005.

70 Relya RA, The lethal impact of Roundup® on aquatic and terrestrial amphibians, Ecological
Applications, 2005, vol. 15, p. 618, 2005.

71 U.S. Environmental Protection Agency, Technical Overview of Ecological Risk Assessment, Analysis
Phase: Ecological Effects Characterization, Ecotoxicity Categories for Terrestrial and Aquatic Organisms;
http:/ /www.epa.gov/oppefedl/ecorisk_ders/toera_analysis_eco.htm#Ecotox, accessed April 2, 2005.
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(a terrestrial formulation identical to Habitat® that did not contain any surfactants) was
determined at 22,305 mg imazapyr a.e./L. (King et al. 200472.)

One study reported much lower 96-hr LCs values of 4.7 mg/L for Nile tilapia (Tilapia
nilotica) and 2.7 mg/L for silver barb (Barbus genionotus). (Supamataya et al. 1981 in SERA
10/04.) Although the herbicide used was not specified, it is likely that a formulation was used
rather than the technical grade active ingredient. Historically imazapyr herbicides contained
surfactants and a formulation that removed the surfactant was only developed in 1992. (Birk
04/05.) The use of an herbicide containing surfactants might explain the considerably lower
LCso values. (See Section 4.4.2.) The 2004 SERA report used the lowest LCso value from this
study, 2.7 mg/L, for their risk assessment despite some reservations about the study due to the
fact that they only had access to its abstract and because the species studied were not native to
the U.S. Nevertheless, the 2004 SERA report assumed that, even though the study was not well
documented, the response of these apparently sensitive species may well encompass the
response of other sensitive species native to the U.S. (SERA 12/04, p. 4-22.) This conclusion is
supported by a study that examined the comparative sensitivity of eight ESA-listed fish species
to standard test organisms exposed to five different pesticides or metals in order to validate the
use of surrogate species as a predictive tool in toxicological assessments. Based on their
findings, the authors concluded that a safety factor of two would provide a conservative
estimate in risk assessments for listed cold-water, warm-water and euryhaline fish species.
(Sappington et al. 2000 in Entrix 10/03, p. 49.)

Glyphosate. Acute toxicity studies with warm and cold water fish indicate that technical
glyphosate is slightly to practically non-toxic. (U.S. EPA 09/93.) Acute toxicity LCsy values were
reported at 86 mg/L in rainbow trout, 120 mg/L in bluegill sunfish, and 168 mg/L in harlequin.
(ExToxNet 04/0573.) Chronic toxicity studies with a terrestrial formulation of glyphosate,
Roundup®, found no significant adverse effects on growth, carcinogenicity, feeding, and
agonistic behavior in rainbow trout fingerlings. The authors concluded that sublethal levels of
the formulation are relatively non-toxic. (Morgan & Kiceniuk 1992 in WS FEIS 11/93.)

A recent study with the aquatic formulation Rodeo® determined the LCs for juvenile
rainbow trout at 782 mg glyphosate a.e./L, two orders of magnitude lower than found for the
imazapyr herbicide Arsenal®, 22,305 mg imazapyr a.e./L. (King et al. 2004.)

72 King K, Curran C, Smith B, Boehm D, Grange K, McAvinchey S, Sowle K, Genther K, Highley R, Schaaf
A, Sykes C, Grassley ], and Grue C, Toxicity of Rodeo® and Arsenal® Tank Mixes to Juvenile Rainbow
Trout, Third International Conference on Invasive Spartina, San Francisco, California, November 8-10,
2004.

73 ExToxNet is a cooperative effort of University of California-Davis, Oregon State University, Michigan
State University, Cornell University, and the University of Idaho, Pesticide Information Profile for
Glyphosate; http:/ /extoxnet.orst.edu/, accessed April 5, 2005.
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4.3.6 Aquatic Invertebrates

Imazapyr. Imazapyr has been found to have low toxicity to aquatic invertebrates.
Attached Table A-11 summarizes aquatic invertebrate toxicity to imazapyr and its formulations.
A study where Daphnia was exposed to an imazapyr formulation (~50%) produced a 48-hour
ECso concentration of 373 mg imazapyr a.e./L (Cyanamid 1997 in Entrix 10/03). Another study
with Arsenal® (identical to Habitat®) with an unspecified surfactant determined a 48-hour LCso
of 350 mg Arsenal/L (79.1 mg imazapyr a.e./L) and a NOEC of 180 mg Arsenal/L (40.7 mg
imazapyr a.e./L) for the freshwater flea (Daphnia magna), highlighting the potential effects of
surfactants on aquatic toxicity. Other studies also reported 24 and 48-hour LCsp concentrations
of greater than 100 mg/L, the highest dose tested (“HDT”), in static tests conducted with newly-
hatched Daphnia. (Kintner & Forbis 1983 in SERA 12/04.) Chronic studies reported no adverse
effects on survival, reproduction or growth of 1st generation Daphnia after 7, 14 and 21-days of
exposure at concentrations up to 97.1 mg/L, the HDT. (Manning 1989 in SERA 12/04.). Testing
with other invertebrate species that exhibit alternative life cycles has been limited to survival of
pink shrimp (Penaeus duorarum) and growth studies with the Eastern oyster (Crassostrea
virginica). Acute toxicity to pink shrimp was determined at LCsp >132 mg imazapyr a.e. /L, the
HDT, which was also the NOEC. The ECs for growth inhibition of the Eastern oyster was
established at a concentration greater than 132 mg imazapyr a.e./L, with the NOEC set at this
concentration, the HDT. (Mangels & Ritter 2000 in SERA 12/04.)

A recent microcosm study analyzing benthic macroinvertebrates in a logged pond
confirmed the low toxicity of imazapyr to benthic freshwater macroinvertebrates. The study
analyzed macroinvertebrate community composition, chironomid deformity rate, and
chironomid biomass and concluded that imazapyr did not affect the macroinvertebrate
community at the concentrations tested. The NOEC was determined to be greater than
18.4 mg/L (Fowlkes et al. 2003™)

Glyphosate. Glyphosate is only slightly toxic to practically non-toxic to marine and
freshwater aquatic invertebrates. Acute toxicity for freshwater invertebrates varies from 545 to
780 mg/L for water flea (Daphnia magna), to 673 mg/L for mosquito 4t instar (Anopheles
quadrimaculatus), to 1,157 mg/L for a leech (Nephaelopsis obscura). Acute toxicity for marine
invertebrates were reported as greater than 10 mg/L for Atlantic oyster larvae (Crassostrea
virginica), 281 mg/L for grass shrimp (Palaemonetes vulgaris), and 934 mg/L for fiddler crab
(Uca pugilator). (ExToxNet 04/05; Henry 1992, Heydens 1991; both in SERA 12/04.) The wide
variation in the aquatic toxicity of glyphosate has been attributed to the dilution water,
temperature, formulation, and the amount of suspended sediment in the water. Toxicity
appears to increase with temperature, and decrease with elevated pH and suspended sediment.
(Schuette 1998). Field studies with glyphosate/surfactant applications to tidal mudflat
communities in Washington State indicate low potential for adverse impacts, possibly due to

7 Mark D. Fowlkes, Jerry L. Michael, Thomas L. Crisman, and Joseph P. Prenger, Effects of the Herbicide
Imazapyr on Benthic Macroinvertebrates in a Logged Pond Cypress Dome, Environmental Toxicology
and Chemistry, vol. 22, no. 4, pp. 900-907, 2003.
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inactivation of glyphosate when adsorbed to sediment. (Kubena 1996 in Programmatic EIS/EIR,
p. 3.3-30.)

4.3.7 Non-target Vegetation

Due to their engineered mechanism of action, imazapyr and glyphosate are toxic to a
wide variety of plants. Native salt marsh plants, aquatic macrophytes, and algae in the Estuary
waters where the herbicides would be applied could be negatively affected.

Imazapyr. Attached Table A-12 summarizes the toxicity of technical grade imazapyr and
an herbicide/surfactant mixture to algae and aquatic plants. The most sensitive species appear
to be aquatic macrophytes with reported ECys values for duckweed (Lemna gibba) of 0.013 mg/L
for growth and for common water milfoil (Myriophyllum sibiricum) of 0.013 mg/L for shoot
growth and 0.0079 mg/L for root growth. (Hughes 1987; Roshon et al. 1999; both in SERA
12/04.) Aquatic algae appear to be substantially less sensitive. The most sensitive species of
algae tested was a unicellular green algae (Chlorella emersonii) with an ECso of about 0.2 mg/L
for growth. Some algal species appear to be stimulated rather than inhibited by imazapyr
concentrations of up to 100 mg/L. (Hughes 1987 in SERA 10/04.) Some species of plants,
including aquatic plants, may develop resistance to imazapyr. Bioassays conducted on Chlorella
emersonii indicated that resistant strains may be less sensitive by a factor of 10. (Landstein et al.
1993 in SERA 10/04.) Due to the infrequent application of imazapyr for control of Spartina, i.e.
once per year, development of resistance to imazapyr is unlikely.

Recent studies conducted in Washington State also document the potential for imazapyr
to impact non-target vegetation. Effects of imazapyr application on non-native Japanese
eelgrass were compared to glyphosate application. For both herbicides, the eelgrass canopy was
killed if herbicide was applied on dry eelgrass at low tide with imazapyr being more toxic.
Application onto an eelgrass bed with a thin overlying film of water did not result in toxic
effects. Within 12 months, all treated eelgrass beds had recovered. Persistence was not recorded
in the sediment underlying these eelgrass beds. (Patten 2003.)

Glyphosate. In laboratory growth inhibition studies with submerged aquatic plants no
adverse effects on the growth of elodea (Elodea canadensis), water milfoil (Myriophyllum
spicatum), and wild celery (Valisneria americana) were found with glyphosate concentrations of
up to 1 mg/L. (Forney & David 1981 in WS FEIS 11/93.) These results are consistent with the
findings of other investigators who report that submerged plants are either resistant or affected
only by very high glyphosate concentrations. (Evans 1978; Peverly & Crawford 1975; both in
WS FEIS 11/93.) A large number of studies with a variety of green algae, blue-green algae,
diatoms, and periphyton indicate that glyphosate is slightly toxic to practically non-toxic to
most algae. Most algae tolerate concentrations of glyphosate greater than 1 mg/L.

(WS FEIS11/93.)
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44 Inert Ingredient and Adjuvant Toxicity

The following sections discuss the toxicity of inert ingredients in commercial
formulations and the toxicity of surfactants and colorants used in combination with imazapyr
and glyphosate formulations.

441 Inert Ingredients

As mentioned above, neither Aquamaster® nor Rodeo® contain inert ingredients other
than water. Habitat® contains a small amount of a weak acid, most likely acetic acid. The
2003 Entrix report summarized a number of studies on the toxicity of acetic acid, which is
contained in small amounts in the Habitat® formulation. (Entrix 10/04, p. 52, Table 3-14.) From
the acute LCs for several studies with fathead minnow (Pimephales promelas), the toxicity of
acetic acid to aquatic organisms can be categorized as slightly toxic. An inhalation study with
mice indicates that acetic acid is practically non-toxic. Because acetic acid is present in small
quantities in the formulation only, and its content in the tank mix will be even lower, risks from
this ingredient are considered insignificant.

44.2 Adjuvants

Most toxicity testing of herbicides uses either the technical grade active ingredient or its
formulations. However, toxicity to non-target organisms may change depending on the
adjuvants contained in the tank mix. Many adjuvants can produce wide-ranging effects on
physiological and metabolic processes and almost all of these effects can occur at low
concentrations or doses. (Tu et al. 2001.) As discussed in Section 3.1.7, registration requirements
for adjuvants are not as stringent as those for herbicides. Consequently, only limited
information is available for most adjuvants.

Attached Table A-2 summarizes chemical properties, degradation pathways (where
known), general toxicity rating, and acute toxicity of surfactants and colorants potentially used
with Habitat® and glyphosate herbicides for control of Spartina in the San Francisco Estuary.
Even though at the time being, non-ionic surfactants are not proposed for use by the ISP, they
have been included in the table for completeness sake.

Surfactants

A number of surfactants were evaluated for their toxicity, including the non-ionic
surfactants R-11¢, X-77®, LI-700®, Liberate®, and Cygnet Plus; the crop-oil concentrate
Agri-Dex®; the esterified seed oil Competitor®; and the organo-silicones Dyne-Amic® and
Kinetic®.75 Attached Table A-2 summarizes the general toxicity rating and the lowest reported

75 The categorization of surfactant classes is inconsistent and the names of surfactant classes are not
necessarily intuitive regarding the content of the surfactant. For example, crop oil concentrates are not
made from vegetable oils but from petroleum oils and not all surfactants with mainly non-ionic
ingredients, e.g., oils or silicones, are classified as non-ionic surfactants. To complicate the fact, surfactant
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toxicity for these surfactants. Based on the limited testing available, all surfactants would be
considered practically non-toxic to moderately toxic to aquatic organisms and practically non-
toxic to mammals via oral administration. Most surfactants are moderate skin and eye irritants.
(Entrix 10/03, pp. 52-55.) No studies regarding surfactant toxicity to birds were found in the
literature.

The potential impact of surfactants on the toxicity of herbicides is clearly illustrated in
several studies, which found that the toxicity of imazapyr and glyphosate herbicide tank mixes
to aquatic organisms (fish and water flea) is more driven by the surfactant and its percentage in
the tank mixture (herbicide formulation, water, plus surfactant) than by the herbicide itself. One
study analyzed Arsenal® (identical with the aquatic formulation Habitat®) and Rodeo® with and
without surfactants, as well as the surfactants alone. In all cases, the toxicity of the herbicides
alone was found to be much lower, i.e. the LCso much higher, than in combination with a
surfactant. In most cases the surfactant by itself was considerably more toxic than the
herbicide/surfactant combinations. (Smith et al. 2002, Henry 1992, both in Entrix 10/03,
pp. 54/55; Mitchell et al. 1987a in WS FEIS 11/93.) Inset Table 1 summarizes the results of these
studies for acute toxicity to rainbow trout.

Table 1: Acute toxicity of surfactants, herbicides, and herbicide/surfactant mixtures
to rainbow trout

Surfactant LCsy | Herbicide LGCso Herbicide/ . LCso
(ppm) (ppm) surfactant mixture (ppm)?
Agri-Dex® 271 Arsenal® 77,716 concentrate | Arsenal® Herbicide + Agri-Dex® 479
Hasten®? 74 Herbicide 22,305 imazapyr a.e. | Arsenal® Herbicide + Hasten® 113
X-77 4.2 Rodeo® + X-77® 130
Rodeo®
LI-700® 17 782 glyphosate a.e. | Rodeo®+ LI-700® 23
R-1161 6.0 Rodeo® + R11® 5.4

References in Entrix 10/03.

Inot proposed for use by ISP

2as surfactant

3esterified seed oil (Competitor® plus nonylphenol non-ionic surfactant)

These studies demonstrate that the toxicity of the herbicide/surfactant mixture is driven
by the surfactant. The LCsp values for tank mixtures were typically two orders of magnitude
lower, i.e. more toxic, than the pure formulation. This changes the ecotoxicity classification to
address acute risk to non-target aquatic organisms from practically non-toxic (margin of safety
two orders of magnitude) for the formulations to slightly toxic for the tank mixtures. Thus,
depending on the surfactant selected, tank mixtures may pose a greater hazard to non-target
species than the formulations tested.

A study with a glyphosate formulation/surfactant mixture (Rodeo®/X-77®) reported
lethal concentrations for rainbow trout, Chinook salmon, and Coho salmon ranging from 680 to

mixtures often contain several ingredients belonging to different surfactant classes. They are typically,
but not always, classified based on their main ingredient.
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1,070 mg/L, 750 to 1,440 mg/L, and 600 to 1,000 mg/L, respectively, considerably higher than
those reported for glyphosate. (Mitchell et al. 1987a in WS FEIS 11/93.) Other studies have also
determined that the surfactants contained in terrestrial glyphosate formulations make the
formulation more toxic compared the toxicity of glyphosate alone. (Schuette 1998.)

Colorants

The acute oral toxicity of Blazon® Blue, the colorant likely used by the ISP, to rats has
been reported to be greater than 5,000 mg/kg. (Milliken Chemical 05/027¢.) Therefore, the
colorant is practically non-toxic.

4.5 Relative Exposure and Risk Characterization

It is not feasible to estimate the exposure and risk for each of the hundreds of identified
individual receptor species for which potentially complete exposure pathways have been
identified. For wildlife receptors, evaluation of so-called “receptor guilds” can serve as a
reasonable surrogate approach. This approach is based on the concept that each receptor is part
of a group of potential receptors that function in similar ecological niches or “guilds.” Species
belonging to the same guild exhibit similar life histories and are therefore expected to have
similar exposures to herbicide applications. Surrogate species for which reliable life history
information and toxicological information is available are used for calculating risk. The results
are then extrapolated to the entire guild as a whole. The fundamental assumption of this
approach is that if negligible risk is determined for the surrogate species, then the entire guild is
protected. (Entrix 10/03, pp. 18/19.)

Based on the above information, risks to ecological receptors can be characterized by
integrating the potential effects and exposure to determine the ecological risk from the use of a
herbicide and the likelihood of effects on aquatic life, wildlife, and plants based on various
herbicide use scenarios. Frequently, the risk to ecological receptors is characterized numerically
as a so-called risk quotient (“RQ”), which is calculated as the ratio of potential exposure to a
select toxicity endpoint for a given species or surrogate species. The risk quotients are then
compared to an agency’s level of concern (“LOC”), which is specific to each category of
organisms. An LOC is a tool to interpret potential risk to non-target organisms. In addition to
the risk quotients for characterizing acute or chronic risk, U.S. EPA has published levels of
concern for characterizing risks from pesticides to T&E species, which include additional factors
of safety. (U.S. EPA 01/0477.) The 2003 Entrix report considered risks adverse if the RQ
exceeded 1. The following sections evaluate the risk quotients derived in the 2003 Entrix report
additionally in light of the levels of concern for T&E species for species of concern found in the
San Francisco Estuary. The toxicological endpoints typically used for calculating the RQ and
levels of concern for interpreting risk quotients are summarized in attached Table A-13.

76 Milliken Chemical, Blazon® Blue Spray Pattern Indicator, Material Safety Data Sheet, May 7, 2002.

77 U.S. Environmental Protection Agency, Overview of the Ecological Risk Assessment Process in
the Office of Pesticide Programs, Endangered and Threatened Species Effects Determination,
January 23, 2004.
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Because the toxicity of herbicide mixtures is additive and synergistic effects are not
likely, the risk quotients for an herbicide mixture would be the sum of the risk quotients
determined for the individual exposure to each of the herbicides. (See Section 4.3.) The toxicity
of glyphosate to wildlife and non-target vegetation from application in an estuarine
environment has been extensively documented in the WS EIS 1993.

451 Mammals

Mammalian wildlife could be exposed to imazapyr through dermal, oral (ingestion) or
inhalation routes. The dietary route is considered the most likely. Several species of concern are
potentially present in or close to areas where non-native Spartina is distributed or where
imazapyr herbicides could be applied. The Suisun ornate shrew (Sorex ornatus sinuosus) occurs
in tidal brackish marsh plains with dense cover and the harbor seal (Phoca vitulina richardi) uses
haul-outs on tidal marshes. (Programmatic EIS/EIR, Appx. F.) Other T&E species occurring
close to areas where imazapyr herbicide would be sprayed include the salt marsh wandering
shrew (Sorex vagrans halicoetes), which inhabits tidal salt marsh plains above the cordgrass zone,
and the southern sea otter (Enhydra lutris nereis).

Imazapyr. Based on the EPA criteria outlined in attached Table A-13, the acute oral and
dermal toxicity of technical imazapyr and imazapyr isopropylamine to mammals is categorized
as practically non-toxic. None of the risk quotients estimated in the 2003 Entrix report exceeded
levels of concern for acute risks to mammals for any of the species or exposure pathways
modeled relative to the NOEL with the exception of the deer mouse spill scenario exposure
(RQ deer mouse = 1.20). (Entrix 10/03, Table 5-1, p. 75.) Levels of concern for endangered
mammals of 0.1 were exceeded for the spill scenario exposure for all mammals. (Entrix 10/03,
Table 5-1, p. 75.) However, the spill scenario modeled (i.e., where an animal would effectively
drink undiluted spilled spray solution) is highly conservative and unlikely to be realized in situ
because best management practices would be employed immediately to clean up any spilled
herbicide and the disturbance of the cleanup action would discourage wildlife use of the area.

In addition, substantial conservatism was factored into this risk characterization.
Because the dose ranges of imazapyr administered to mammals over the variety of tests
performed have never yielded lethality, characterizing risk based on absolute lethal thresholds
such as the LDsp is not possible. Thus, the 2003 Entrix report used NOELSs for risk calculations.
Most of the NOELSs simply referenced the HDT and were not based on actual empirical findings
from a dose-response curve. Clearly, using a NOEL HDT instead of an LDsy considerably
overestimates potential risk. In addition, the doses for dietary and dermal exposure modeled in
the 2003 Entrix report tended to overestimate conditions in situ. This is particularly true for
chronic exposures because applications of herbicide would occur only once a year and tidal
flushing over the treated area would result in the loss of the herbicide over time. These very
conservative assumptions and toxicity values result in considerably overestimated risk
quotients.
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Since imazapyr does not bioaccumulate, and best management practices identified in the
Programmatic EIS/FEIR and adopted by the Conservancy as conditions of approval of the
Spartina Control Program will prevent significant drift off-site and reduce spills, it can be
reasonably assumed that no mammal species would be adversely affected by the use of an
imazapyr herbicide at the manufacturer-recommended application rate of 1.5 Ibs/acre
(0.68 kg/acre) in San Francisco Estuary, even under worst-case exposure scenarios.

Glyphosate. Based on the reported acute, subchronic, and chronic glyphosate toxicities
to rats, dogs, rabbits, and mice it appears unlikely that glyphosate will adversely affect
mammals that inhabit or use emergent wetlands. (WS FEIS 11/93.)

45.2 Birds

Exposure to birds may occur via ingestion, contact, and inhalation. Several species of
concern occur in the San Francisco Estuary where Spartina would be treated, including the
Alameda, San Pablo, and Suisun song sparrows (Melospiza melodia pusilla, M. melodia samuelis,
M. melodia maxillaris), the California black rail (Laterallus jamaicensis coturniculus), the California
clapper rail (Rallus longirostris obsoletus), the California least tern (Sterna antillarum brownii), the
California brown pelican (Pelecanus occidentalis californicus), the salt marsh common
yellowthroat (Geothylpis trichas sinuosa), and the Western snowy plover (Charadris alexandrinus
nivosus). The federally listed endangered California clapper rail is of particular concern because
of its occurrence in native Spartina marshes where non-native Spartina and its hybrids could
occur and be treated.

Imazapyr. Based on the U.S. EPA ecotoxicity classification , imazapyr is considered
practically non-toxic to birds. (See Section 4.3.2.) None of the risk quotients for birds modeled in
the 2003 Entrix report exceeded the level of concern for acute risks to birds of 0.5 or chronic
risks of 1 with the exception of the drinking water spill scenario. Again, the spill scenario
modeled is unlikely to be realized in situ. The disturbance associated with cleanup efforts
employed by the ISP as described in the MMRP would effectively eliminate exposure of birds to
the spill. For example, the MMRP requires hazing of birds until the spill is remediated. (MMRP,
p. 7.) The risk quotient for acute risks to endangered birds of 0.1 was exceeded for the male
scaup via dermal contact exposure (RQ = 0.17) and for the male mallard duck via dietary
exposure (RQ = 0.11). Risk quotients for the bobwhite quail, a surrogate species for evaluating
risks to the California clapper rail, were well below 0.1 for all exposure routes. Several factors
contributed to a considerable overestimate of these risk quotients. First, because no studies were
available that determined lethality, the risk quotients were based on NOELs. Second, the
modeled doses considerably overestimated potential conditions in situ because imazapyr would
only be applied once per year and dissipation from the environment was not factored into the
calculations. In addition, research in Washington State suggests that shorebirds do not use
non-native Spartina to forage, which reduces or eliminates their exposure via the ingestion
pathway. (Patten & Stenvall 2002.) Therefore the risk assessment greatly overestimated risk
associated with exposure to imazapyr. Risks to birds from exposure to imazapyr following
treatment of Spartina are therefore considered insignificant.
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Glyphosate. Based on the acute and chronic toxicity values for birds and the typical
exposure rates for glyphosate herbicides, no adverse effects on gallinaceous or dabbling duck
bird groups are expected due to application of glyphosate in the estuarine environment for
control aquatic nuisance vegetation. (WS FEIS 11/93.) No lethal toxicity information is available
for other bird groups that use wetland areas, such as perching birds or shorebirds. As discussed
for imazapyr, risks from oral exposure to shorebirds are reduced or eliminated because they do
not use non-native Spartina to forage. (Patten & Stenvall 2002.)

4.5.3 Insects

The 2003 Entrix report indicates that herbicide treatment in terrestrial environments has
been shown to increase arthropod abundance, likely as a response to increased food supply to
these detrivores from dead and decaying vegetation. Arthropods serve as a substantial, high-
energy food source for terrestrial birds as well as waterfowl and shorebirds. The 2003 Entrix
report concluded that a similar relationship is conceivable for decaying Spartina, arthropod
abundance, and birds.

Imazapyr. Based on the U.S. EPA ecotoxicity classification for insects, imazapyr is
practically non-toxic to bees. Exposure calculations for a worst-case scenario (spraying tank mix
directly onto insects) resulted in an estimated direct contact exposure of 0.0335 mg/kg. The
estimated NOEL for insects is 1,000 mg/kg (HDT) and the LDs is greater than 1,000 mg/kg.
Based on the resulting risk quotient, 2.23x1075, the risk to insects can therefore be characterized
as insignificant.

Glyphosate. Glyphosate has been found to be practically nontoxic to honeybees.
(U.S. EPA 09/93.) Risks to insects are expected to be insignificant.

454 Reptiles and Amphibians

Reptiles and amphibians may be exposed to herbicides via dietary consumption,
inhalation and direct contact. Amphibians are particularly susceptible to contact exposure from
direct spray of herbicides because of their thin skin, however, their exposure is unlikely due to
their intolerance of saline conditions, which precludes their occurrence in areas where Spartina
is distributed and would be treated. One reptile species of concern, the Northwestern pond
turtle (Clemmys marmorata marmorata) occurs in tidal sloughs of the Suisun Marsh.
(Programmatic EIS/EIR, Appx. F.) It is highly unlikely that this species would be present in
areas of Spartina treatment. In general, the life history of reptiles and amphibians native to the
San Francisco Estuary suggests that exposure is precluded because they would not be found in
the brackish water and estuarine environment where Spartina would be treated.

Imazapyr. No studies regarding the toxicity of imazapyr to reptiles and amphibians
were found in the literature. Although a formal risk calculation could not be conducted, the life
history of reptiles and amphibians suggests that their exposure is unlikely. The 2003 Entrix
report therefore considered the risks to reptiles and amphibians following treatment of non-
native Spartina with imazapyr herbicides insignificant.
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Glyphosate. No studies regarding the toxicity of glyphosate to reptiles were found.
Several studies demonstrated high toxicity of glyphosate/surfactant combinations to
amphibians. However, as with imazapyr, the risks associated with the treatment of non-native
Spartina in the San Francisco Bay can be considered insignificant due to the life history of the
amphibian and reptile species.

455 Fish

Several species of concern may be present in tidal sloughs of marshes potentially treated
with imazapyr herbicides. These include the chinook Salmon (Oncorhynchus tshawythscha),
steelhead trout (Oncorhynchus mykiss), the Delta smelt (Hypomesus transpacificus), , and the
Sacramento splittail (Pogonichthys macrolepidotus).

Imazapyr. An empirical LCso of 22,305 mg imazapyr a.e./L has been established for fish,
which classifies the herbicide as practically non-toxic according to U.S. EPA standards. (The
highest spray solution that would be applied to non-native Spartina is a 7.5% solution at an
application rate of 10 gal/acre, containing approximately 18,000 mg imazapyr a.e./L”8, which is
on the same order of magnitude as the established LCso.) As discussed in Section 4.2.1, even
under highly conservative exposure scenarios, the maximum imazapyr concentration in water
is not expected to exceed 5.77 mg imazapyr a.e./L (the ISP modeling resulted in 33.1 mg/L).
The resulting risk quotient for imazapyr, 2.6x10+, is three orders of magnitude below the acute
LOC of 0.5 for fish. The risk for the highest modeled concentration in the edge of the incoming
water, as described in Section 4.2.1, would result in an RQ more than two orders of magnitude
below the acute LOC for fish. However, as discussed in Section 4.4.2, surfactants may greatly
increase the toxicity of the formulation. Empirical LCso values for an imazapyr herbicide
mixture with Agri-Dex® and Hasten® (Competitor® plus nonylphenol non-ionic surfactant) have
been determined at 459 ppm and 113 ppm (based on surfactant), respectively. If risk quotients
are based on these toxicity values, they increase considerably. Inset Table 2 summarizes acute
risk quotients for the highest measured environmental exposure concentrations in water and for
the highest modeled concentration of 33.1 mg/L as discussed in Section 4.2.1.

78 Habitat® contains 22.6% v/v imazapyr isopropylamine or 226 ml/L imazapyr as acid equivalent. The
7.5% spray solution for aerial applications at 10 gal/acre therefore contains: (226 ml imazapyr a.e./L
Habitat®) x (imazapyr density 1.04 to 1.07 g/ml) x (6 pints Habitat®/10 gal water) x (gal/8 pints) x
(1,000 mg/g) = 17,628 to 18,137 mg imazapyr a.e./L.
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Table 2: Acute risk quotients for fish

Acute RQ
EEC1
maximum
LGCso measured EEC!
Herbicide/Surfactant rainbow trout  concentration ISP modeling?
Imazapyr a.e. 22,305 ppm <0.0014 <0.001
Arsenal + 1% Agri-Dex® 459 ppm? 0.0134 0.074
Arsenal + 1% Hasten® 113 ppm3 0.051* 0.293

1 EEC = environmental exposure concentration

2 EEC ISP modeling = RQ maximum measured concentration x (33.1 mg/L) /(5.77 mg/L)
3 as surfactant

¢ The RQs reported in the 2003 Entrix were higher by a factor of 10

Levels of concern for endangered fish of 0.05 would be marginally exceeded for the
imazapyr/Hasten® surfactant combination for the highest measured concentrations in water. In
case of the modeled EEC, both herbicide/surfactant combinations would exceed the LOC of
0.05. However, the presence of fish in the leading edge of an incoming tide, where these
concentrations might occur, is highly unlikely. Further, the basis for the highest measured
exposure value was extremely conservative in that the pesticide was applied directly to
sediment with no interception by vegetation and collection of the sample only three hours later.
The Spartina Control Program intends to apply pesticides with the outgoing tide, leaving a
much longer window of time before the tide washes off any remaining herbicide from the
sediment and foliage. Some degradation and uptake of the herbicide will occur, which will
further reduce the concentration in water. As discussed in Section 3.1.7, the herbicide dissipates
quickly in the tidal environment and no residues were detected at the treatment site 40 hours
after application.

Exposures are relevant only for an acute exposure scenario. Due to the tidal exchange of
waters, which results in dilution of the compound with each tide, imazapyr would quickly
dissipate beyond detection. (Entrix 10/03. p. 78.) This conclusion is supported by dissipation
experiments in Washington State, which showed that imazapyr effectively dissipated in water
within about four to five tidal exchanges, or about 40 hours. (Patten 2002.) Complete tidal
exchange of water in some marshes in the San Francisco Estuary may take considerably longer
but chronic effects are not conceivable.

Based on the above discussion, the acute and chronic risk to fish due to application of
imazapyr herbicides for control of non-native Spartina is considered insignificant.

Glyphosate. Glyphosate becomes quickly inactivated by adsorption to sediment and
suspended particles in water. (See Section 3.1.6.) This makes the herbicide biologically
unavailable for fish. The risk to fish due to the application of glyphosate has been considered
insignificant at the application rates typical to treat non-native, invasive Spartina.
(Programmatic EIS/EIR, p. 3.3-30.)
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45.6 Aquatic Invertebrates

The aquatic invertebrate community in the San Francisco Estuary is to a large extent
composed of non-native species. (Baye 04/057°.) No species of concern occur in or close to areas
where non-native Spartina would be treated with herbicides.

Imazapyr. The reported acute toxicity LCso concentrations for technical-grade imazapyr
for the freshwater flea (Daphnia magna) and the pink shrimp (Penaeus duorarum) are >100 mg/L.
The reported acute ECsp concentration for growth inhibition of Eastern oysters is >132 mg/L.
On the basis of these toxicity measurements, imazapyr would be considered practically non-
toxic to both freshwater and marine invertebrates according to EPA ecoxicity screening criteria.
No empirical results have been documented that establish lethal or sub-lethal effects such as
growth inhibition. Thus, the measures of >100 and >132 mg/L can provide only screening
values for a risk characterization. One study reported an LCso of 71 mg/L for water flea after
exposure to Arsenal mixed with an unidentified surfactant.

To differentiate risks from motile epibenthic® or pelagics! invertebrates from benthic
infaunas?, the 2003 Entrix report calculated RQs using sediment pore water concentrations of
3.29 mg/L, the highest concentration measured in the Washington State study. Inset Table 3
summarizes acute risk quotients for pelagic and epibenthic invertebrates and benthic infauna
based on these toxicity measures and the measured and estimated worst-case concentrations in
surface water and sediment pore water.

7 Personal communication with Peter Baye, April 25, 2004.
80 Organisms that are living on or above the sediment.
81 Organisms that live in the water column, away from sediment.

82 Benthic infauna lives in sediment within soft substrate areas such as shallow mud flats and sand flats.
Most estuaries support large numbers of benthic infauna, including worms, bivalves and crustaceans.
Benthic communities provide a significant food source for many species of fish. Wading birds also rely on
benthic infauna to form an integral part of their diet.
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Table 3: Acute risk quotients for marine invertebrates

Acute RQ
EEC!
LGCso maximum

Daphnia measured EEC!
Herbicide/Surfactant magna concentration ISP modeling?
Epibenthic and pelagic invertebrates (surface water exposure)
Imazapyr >100 ppm 0.058 0.333
Arsenal + unidentified surfactant 79.1 ppm 0.073 0.419
Benthic infauna (sediment pore water exposure)
Imazapyr >100 ppm 0.033 0.189
Arsenal + unidentified surfactant 79.1 ppm 0.042 0.241

1 EEC = environmental exposure concentration
2 EECISP modeling = RQ maximum measured concentration x (33.1 mg/L)/(5.77 mg/L)

In all cases, the acute risk to aquatic invertebrates is below the LOC for acute risk for
aquatic invertebrates. Even under the worst-case scenario of an accidental spill the impact
would not affect biological diversity because the majority of the benthic community is non-
native. Any potential impact regarding the availability of prey would be short-term only.
Epibenthic and pelagic invertebrate communities will likely recover within a few tidal cycles.
For infauna, it is known that even such intrusive disruptions as dredging cause only short-term
biomass reduction. (Baye 04/05.)

Based on the above information, the risk to aquatic invertebrates for application of
imazapyr herbicides and surfactants is considered insignificant.

Glyphosate. Impacts to aquatic invertebrates due to post-application water
concentrations of glyphosate are unlikely due to glyphosate’s rapid adsorption to sediment
particles and inactivation. Field studies of benthic invertebrates in tidal mudflats revealed no
short- or long-term effects. (See Section 4.3.6.) Based on these facts, risks to aquatic invertebrates
are considered insignificant.

4.3.7 Non-target Vegetation

For both herbicides, the most significant risk appear to be impacts to non-target aquatic
vegetation due to the herbicides’ engineered mechanisms of action, which target protein
synthesis in plants. Several species of concern occur in the brackish tidal marshes of the San
Francisco Estuary where they are potentially affected by spray drift and concentrations of the
herbicide in water including the Delta tule-pea (Lathyrus jepsonii var. jepsonii), the soft bird’s
beak (Cordylanthus mollis ssp. mollis, the Suisun marsh aster (Aster lentus), and the Suisun thistle
(Cirsium hydrophilum var. hydrophilum). (See Programmatic EIS/EIR, Appx. F.)
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Imazapyr. Inset Table 4 summarizes the acute risk quotients for non-target aquatic
vegetation for the maximum measured concentration of 5.77 mg/L and the modeled
concentration by the ISP of 33.1 mg/L. (See Section 4.2.1)

Table 4: Acute risk quotients for non-target aquatic vegetation

Acute RQ
EEC!

maximum EEC!

measured ISP
Herbicide/Surfactant Species ECso Growth concentration modeling?
Algae
hga;:pyr technical Green algae 71 ppm 0.081 0465
irsenal + unidentified (Selenastrum
surfactant capricornutum) 14.1 ppm 0.409 2.346
Vascular plants
Imazapyr technical
grade Duckweed 0.0214 ppm 240 1,377
Arsenal + unidentified  (Lemna gibba) 00216 ppm 15 87
surfactant

1 EEC = environmental exposure concentration
2 EECISP modeling = RQ maximum measured concentration x (33.1 mg/L)/(5.77 mg/L)

Risks to algae from imazapyr are insignificant for the maximum measured water
concentration and for the modeled highest potential concentration of 33.1 mg/L. However,
when applied in combination with a surfactant, the risk quotient for algae increases above a
factor of 2 for the modeled concentrations. However, any potential impact would be short-term
only because of tidal mixing and dissipation of imazapyr. It is expected that algal communities
will recover within a few tidal cycles from any adverse impacts.

Based on ECsy concentrations developed for duckweed, a floating vascular macrophyte,
with both imazapyr technical grade and Arsenal with an unidentified surfactant, risks from
herbicide concentrations in water to vascular plants such as pickleweed or the above-mentioned
species of concern may be significant. Risk quotients greatly exceed the acute risk quotient of 1.
The 2004 SERA report determined that off-site drift of imazapyr after ground broadcast or aerial
applications with 1.25 Ib/acre may cause damage to sensitive plant species at distances of up to
500 feet from the application site. The closer the plant is to the application site, the greater the
likelihood of damage. (SERA 12/04, p. 4-26.) However, the impact of imazapyr herbicide use on
non-target vegetation should be largely controllable by the use of best management practices
identified in the Programmatic EIS/EIR and adopted by the Conservancy as conditions of
approval of the Spartina Control Program that limit the potential for non-target vegetation
exposure. In addition, the monoculture growth typical of Spartina reduces the potential for non-
target plant exposure during herbicide application. Further, as discussed in Section 4.3.7, even
direct spraying of the herbicide onto non-target vegetation does not result in long-term
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suppression of growth. While these effects are locally adverse, they are not considered to have
overall significance.

Glyphosate. Glyphosate is ineffective on submerged aquatic vegetation and algae. It is
likely that suspended organic matter or sediment interfere with glyphosate uptake by
submerged plant tissue. Effects on non-target vegetation from application of glyphosate are
considerable. However, effects, though locally important, are considered to be overall less than
significant and further mitigable. (See Programmatic EIS/EIR, Section 3.3.)

45.2 Data Gaps and Uncertainties

The fundamental question in addressing the significance of the uncertainty in any risk
assessment is the degree to which it could qualify the risk conclusions. The 2003 Entrix report
summarized the uncertainties and data gaps associated with the ecological risk assessment for
imazapyr herbicide use for control of non-native Spartina. Based on the most recent data on the
toxicity, fate, and degradation of imazapyr, the risk assessment indicated that imazapyr has
insignificant toxicity to aquatic and terrestrial wildlife, is not environmentally persistent, and
does not bioconcentrate or bioaccumulate.

Uncertainties

Several uncertainties are inherent in the manner of preparation and conclusions of the
ecological risk assessment presented in the 2003 Entrix report (and other ecological risk
assessments). These include:

— Information gaps where sources or stressors are not identified or important aspects of
the ecology are not known can affect risk conclusions. Although it is believed that
the important potential sources of adverse effects have been addressed, it is possible
that there are unmeasured or unconsidered chemical constituents in the estuarine
environment that are contributing an unevaluated degree of risk to receptors in
target areas.

— If relationships between sources and receptors are missing or incorrectly identified,
risks could be under- or overestimated. To reduce this uncertainty, a conceptual model
was developed that identified all known pathways (both complete and incomplete)
and receptor trophic levels. The overall impact of this source of uncertainty on risk
conclusions is unknown.

— Uncertainty (safety) factors used to derive tissue residue factors may not accurately
reflect site conditions. However, the uncertainty factors applied were considered
realistic based on data from various published studies. Since published tissue
residue factors were not available for all receptors of interest, uncertainty factors
were applied. Because the uncertainty factors applied were considered conservative,
risk estimates were likely overestimated.

— The use of data from laboratory versus field populations introduces another source of
uncertainty because species used in laboratory toxicity tests are not necessarily
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subjected to the same degree of non-chemical related stresses as receptors in natural
conditions. As such, cumulative effects of multiple stressors (including chemicals)
are not necessarily the same. It is difficult to predict the effect on ecological risk
assessment results since laboratory versus natural conditions may stress species
differently. Due to likely differences in the health of laboratory populations and
those inhabiting target areas, differences in genetic diversity (hence resistance to
stressors), and possible impacts of non-chemical stressors, some unavoidable
uncertainty exists when extrapolating laboratory derived data to field situations.

— The use of surrogate species also introduces uncertainty because the toxicological
studies used species that are related to taxa present in the target areas, but are not
identical. In general, the greater the taxonomic difference, the greater the uncertainty
in application of laboratory toxicity data to receptors. It is not known whether
laboratory test species or receptors in target areas are the most sensitive to a given
chemical constituent.

— Finally, feeding rates were assumed not to vary with season, breeding condition, or
with other local factors. Reported feeding rates undoubtedly vary with all of these
factors because metabolic needs change as does food availability. Where possible,
estimates of average feeding rates were derived from studies that reported for
multiple seasons and areas to compensate for this potential uncertainty. As such,
while uncertainty is introduced, the effect on the ecological risk assessment
conclusions is unquantifiable.

(Entrix 10/03, p. 85.)
Data Gaps

While the risks to ecological receptors appear very low, several data gaps exist. No
significant new data were identified for this report that would serve to eliminate some of the
data gaps identified in the 2003 Entrix report. The following list summarizes the main data gaps
that remain for the assessment of imazapyr use in the estuarine environments:

— Studies pertaining to the effect of imazapyr on aquatic or water-dependent species
other than fish are limited;

— No studies examining the toxicity of imazapyr to amphibians and reptiles were
discovered in the literature review, however, amphibians do not occur in the saline
environment where Spartina is growing and the life history of reptiles does not
indicate their occurrence where Spartina will be treated;

— No studies on the toxicity of imazapyr to marine fish typical of those areas where
invasive Spartina is distributed in the San Francisco Estuary have been conducted;

— Specific data on the toxicity of imazapyr to sediment-associated organisms typical of
northern temperate marine environments is generally lacking and represents a
significant data gap;
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— Residues of imazapyr in treated Spartina, and the degradation of the herbicide over
time in plant tissue were not identified in the literature. Exposure calculations in the
2003 Entrix report therefore relied on estimated concentrations in the plant tissue.
Empirical residues from plants would increase confidence in the exposure and risk
estimates;

— Effects on the micorhizosphere and microflora in a treated estuary, which could
affect nutrient dynamics, have not been explored. This subject area has not been
investigated thoroughly for any herbicide used in an estuary setting;

— Effects on non-target salt-marsh plants native to areas non-native Spartina has
colonized are poorly understood and only limited data on a few species have been
reported;

— Persistence and stability of imazapyr in dead and decaying Spartina is not known.
However, based on observations in Washington State, it is unlikely that leachate
from decaying vegetation retains any herbicidal activity thereby potentially delaying
the recovery of native salt marsh plants;

— Dirift concentrations of imazapyr off-site by treatment method (e.g., backpack, boom
sprayer, etc.,) have not been quantified. However, worst-case scenario exposure
conditions in direct application sites did not indicate significant risk;

— Effects on marine phytoplankton are unknown, however, studies with freshwater
phytoplankton and the rapid dissipation of imazapyr in tidal water indicate a large
margin of safety for adverse effects;

— Effects on sea-surface microlayer associated organisms and microflora in this surface
water film are not known.

While the above data gaps represent some uncertainty, the existing information on the
toxicity and fate of imazapyr is substantial and suggests that significant negative impacts would
be unlikely in studies addressing the above data gaps — with the possible exceptions of effects
on non-target vegetation.

5. HUMAN HEALTH RISK ASSESSMENT SUMMARY

The following summary of human health risks associated with the use of imazapyr
herbicide in the San Francisco Estuary for control of non-native Spartina is based on information
contained in the Programmatic EIS/EIR and data, procedures, and findings of a standard
human health risk assessment for the use of imazapyr in forestry applications (2004 SERA
report).
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5.1 Potentially Exposed Populations and Sensitive Receptors

As mentioned above, application methods with the imazapyr herbicide would be
identical to those previously identified for glyphosate. (Olofson 03/05.) Therefore, the
potentially exposed populations and sensitive receptors from a human health perspective are
identical to those described in the Programmatic EIS/EIR. (Programmatic EIS/EIR, p. 3.6-1.)

5.2 Risk Characterization for Imazapyr

The 2004 SERA report contained an exhaustive human health risk assessment for the
application of imazapyr in forestry applications, which evaluated worst-case scenarios for both
workers and members of the general public. Worst-case scenario application methods evaluated
in the 2004 SERA report correspond to those expected for applications in the estuarine setting
for control of non-native Spartina. (Applications in the Estuary will be performed by licensed
applicators.) The exposure assessment scenarios presented in the 2004 SERA report were based
on a typical forestry application rate of 0.45 Ib/acre. Risk was characterized quantitatively using
a risk quotient calculated as the ratio of the exposure estimate to the chronic reference dose
(“RfD”). For both acute exposures (i.e., accidental or incidental exposures) and general
exposures (i.e., daily exposures that might occur over the course of an application season), the
chronic RfD of 2.5 mg/kg b.w./day derived by the U.S. EPA was used to characterize risk. The
level of concern for the risk quotient at the typical application rate is 1. To compare the risk
quotients from the 2004 SERA report to the application of imazapyr herbicide in the San
Francisco Estuary, the level of concern must be adjusted to the maximum application rate. For
all exposure scenarios, the estimated dose scales linearly with application rate. Thus, at the
maximum application rate of 1.5 Ib imazapyr a.e./acre, the resulting level of concern for
evaluating the derived risk quotients is 0.3.8% This level of concern was compared to the risk
quotients presented in the 2004 SERA report to interpret the results for control of Spartina with
imazapyr herbicide in the San Francisco Estuary.

521 Applicators

The highest risk quotient determined for workers based on general exposures was
0.03 for the upper range for broadcast ground spray. Thus, even at the highest application rate
that might be used in the Estuary, the upper range of risk quotients is below the level of concern
by a factor of 10.84

While the accidental exposure scenarios are not the most severe one might imagine
(e.., complete immersion of the worker or contamination of the entire body surface for a
prolonged period of time) they are representative of reasonable accidental exposures. The
highest risk quotient for all evaluated accidental worker exposure scenarios was determined to
be 0.006 (the upper range for a worker wearing contaminated gloves for 1 hour). Because the

83 (0.451b/acre) / (1.51b/acre) = 0.3
840.3 /0.03=10
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estimate of the absorbed dose is linearly related to the risk quotient, a scenario in which the
worker wore contaminated gloves for about 167 consecutive hours®5, or a about 7 days, would
be required to reach a level of concern (a risk quotient of one) at the application rate of 0.45 Ib
imazapyr a.e./acre evaluated in the 2004 SERA report. Adjusted to the application rate of

1.5 1Ib imazapyr a.e./acre proposed for Spartina control in the San Francisco Estuary, the risk
quotient of 0.006 is below the level of concern, i.e. 0.3, by a factor of 50. Thus, at the highest
application rate, a worker would have to wear contaminated gloves for 50 hours or 2 days to
reach a level of concern. In other words, under a protective set of exposure assumptions,
workers would not be exposed to levels of imazapyr that are regarded as unacceptable and no
exposure scenario approaches a level of concern. Mitigation measures identified in the
Programmatic EIS/EIR and adopted by the Conservancy as conditions of approval of the
Spartina Control Program require appropriate protection and training of these workers.
(Programmatic EIS/EIR, pp 3.6-7/8.)

The 2004 SERA report indicated uncertainties associated with these risk
characterizations for workers due to the lack of experimental data on the dermal absorption
kinetics of imazapyr and lack of worker exposure studies. However, uncertainties in the
estimated dermal absorption rates and worker exposure rates were incorporated into the
exposure assessment and risk characterization and these estimates would have to be in error by
a factor of about 100 or more to impact this qualitative risk characterization. An additional
factor of safety is introduced by the fact that the risk assessment presented in the 2004 SERA
report specifically considered the effect of repeated exposure because it used the chronic RfD as
an index of acceptable exposure even for acute exposure scenarios.

Imazapyr is mildly irritating to the skin and eyes. Quantitative risk assessments for eye
irritation were not derived; however, effects on eyes likely only result as a consequence of
mishandling the herbicide and can be prevented by wearing goggles.

5.2.2 General Public

Based on the available information and under the foreseeable conditions of application,
there are no routes of exposure or scenarios suggesting that the general public will be at any
substantial risk from longer-term exposure to imazapyr. Similarly, none of the evaluated acute
risk scenarios, including consumption of contaminated vegetation and fish, acute contact
exposure, and direct spray of a small child, resulted in risk quotients that exceeded the level of
concern of 0.3 for the application rate of 1.5 Ib imazapyr a.e./acre. The only exception was the
arbitrary scenario of risks to the public associated with drinking contaminated water after an
accidental spill into a small pond. Best management practices identified as mitigation measures
in the Programmatic EIS/EIR and adopted by the Conservancy as conditions of approval of the
Spartina Control Program (in addition to the improbability of people drinking from a pond and
the probably unpleasant taste of the herbicide/surfactant) will effectively prevent such
exposure.

851/0.006 = 166.7
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6. SUMMARY AND CONCLUSIONS

This report evaluated the potential impacts to water quality, biological resources, and
human health and safety associated with the proposed use of imazapyr herbicides for control of
non-native, invasive Spartina cordgrass species and their hybrids in the San Francisco Estuary.
The following sections summarize findings on the environmental fate and the potential
ecological and human health risks for imazapyr applications in an estuarine environment and
compare the risks relative to glyphosate applications. These sections are followed by a
discussion of changes in environmental effects for the Spartina Control Program, approaches to
minimize increased risk, and conclusions.

6.1 Summary of Findings on Environmental Fate of Imazapyr in Estuarine Environments
and Impacts on Water Quality

Under typical environmental conditions, imazapyr is highly soluble in water. In aquatic
systems, it is not expected to be biodegraded and volatilization from water or plant surfaces is
insignificant. Imazapyr has a very low propensity to bioconcentrate. In water, it is subject to
rapid photolysis with reported half-lives ranging from 3 to 5 days. In a number of field
dissipation studies, imazapyr rapidly dissipated from the water with of 1.9 days and 12.8 days.
No detectable residues of imazapyr were found in the water and sediment after 14 and 59 days,
respectively. In estuarine systems, dilution of imazapyr in the incoming tides will contribute to
its rapid dissipation and removal from the area where it has been applied. Measured maximum
concentrations after application of 1.5 Ib imazapyr a.e./acre onto a non-vegetated tidal mudflat,
measured after three hours in the first tidal flush, were 5.77 mg/L in water, 5.7 mg/kg
sediment, and 3.29 mg/L in pore water. The study demonstrated complete dissipation of
imazapyr from the area within 40 hours from the water column and within 400 hours from
sediment. This information suggests that imazapyr is not environmentally persistent in the
estuarine environment.

6.2 Summary of Findings on Ecological and Human Health Risks of Imazapyr

The evaluation of using an imazapyr herbicide for control of non-native Spartina in the
San Francisco Estuary was based on the data, procedures, and findings of a standard ecological
risk assessment for use of imazapyr for control of non-native Spartina in an estuarine setting in
Washington State (2003 Entrix report) and a standard human health risk assessment for the use
of imazapyr in forestry applications (2004 SERA report). In addition, this report incorporated
information from a comprehensive literature search and review of publications on ecological
impacts, toxicity, and fate and transport of imazapyr and its formulations including potentially
used adjuvants. Additional unpublished information was obtained from the ISP, industry
representatives, researchers, and government.
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6.2.1 Ecological Receptors

The 2003 Entrix report developed a realistic exposure scenario for the application of
imazapyr herbicide on non-native Spartina in an estuarine ecosystem in Washington State. This
report interpreted the results of the 2003 Entrix report for the San Francisco Estuary ecosystem
taking into account local conditions and species of concern. Additionally, this report evaluated a
higher concentration of imazapyr in water. In addition to evaluating risk quotients
(exposure/ toxicity) compared to levels of concern for the entire category, this report evaluated
the risk quotients compared to levels of concern specifically for endangered species.

Mammalian wildlife could be exposed to imazapyr through dermal, oral (ingestion) or
inhalation routes. The dietary route is considered the most likely. The oral and dermal toxicity
of imazapyr to mammals is categorized as practically non-toxic. Based on the exposure scenario,
the only potentially significant risk was identified for a spill scenario that assumed ingestion of
undiluted spray solution by mammalian wildlife. This risk scenario is highly unlikely because
best management practices set forth in the MMRP would ensure immediate cleanup of the spill
and because the disturbance created by the cleanup efforts would discourage wildlife use of the
area. Risks to mammals from exposure to imazapyr following treatment of Spartina are
therefore considered insignificant.

Exposure to birds may occur via ingestion, contact, and inhalation. None of the acute or
chronic scenarios was significant to birds with the exception of the drinking water spill
scenario. Again, the spill scenario modeled is unlikely to be realized in the field. Risks to birds
from exposure to imazapyr following treatment of Spartina are therefore considered
insignificant.

Based on exposure calculations for a worst-case scenario (spraying tank mix directly
onto insects) and the reported toxicity to bees (practically non-toxic), the risk to insects from
exposure to imazapyr following treatment of Spartina is considered insignificant.

No studies regarding the toxicity of imazapyr to reptiles and amphibians were found in
the literature and a formal risk calculation could not be conducted. However, amphibians
cannot tolerate the salinity levels found in areas where non-native Spartina occurs and are
therefore not at risk. The life history of those reptiles that might occur in the Estuary suggests
that their exposure is unlikely. The risks to reptiles and amphibians following treatment of non-
native Spartina with imazapyr herbicides are therefore considered insignificant.

Imazapyr is practically non-toxic to fish. However, the use of surfactants in the tank
mixture may greatly increase the toxicity of the formulation to aquatic organisms. The acute
levels of concern for fish were not exceeded for any of the surfactant/formulation mixtures
tested. However, levels of concern for endangered fish could potentially be marginally
exceeded for the highest measured and modeled concentrations in water. However, the
presence of fish in the leading edge of an incoming tide, where these concentrations might
occur, is highly unlikely. Further, the basis for the highest measured exposure value was
extremely conservative in that the herbicide was applied directly to sediment with no
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interception by vegetation and collection of the sample only three hours later. The Spartina
Control Program intends to apply herbicides with the outgoing tide, leaving a much longer
window of time before the tide washes off any remaining herbicide from the sediment and
foliage. Some degradation and uptake of the herbicide will occur, which will further reduce the
concentration in water. Due to the tidal exchange of waters, which results in dilution of the
compound with each tide, imazapyr would quickly dissipate beyond detection. This conclusion
is supported by dissipation experiments in Washington State, which demonstrated that
imazapyr effectively dissipated in water within about four to five tidal exchanges. Therefore,
the acute and chronic risk to fish due to application of imazapyr herbicides for control of non-
native Spartina is considered insignificant.

Imazapyr would be considered practically non-toxic to both freshwater and marine
invertebrates. The acute risk to aquatic invertebrates from exposure to imazapyr in water was
determined to be insignificant. Any potential impact from a spill would be short-term only.
Epibenthic and pelagic invertebrate communities will likely recover within a few tidal cycles.
Therefore, the acute and chronic risk to aquatic invertebrates due to application of imazapyr
herbicides for control of non-native Spartina is considered insignificant.

In sum, the maximum proposed application rate of 1.5 Ib imazapyr a.e./acre for control
of Spartina in the Estuary did not result in aquatic concentrations or terrestrial doses that would
pose significant risks to aquatic or terrestrial wildlife, even under the extremely conservative
conditions modeled.

Because imazapyr is an effective herbicide, non-target plants that are inadvertently
directly sprayed are likely to be severely damaged. These risks are particularly acute for
vascular plants. Algae appear to be less sensitive to imazapyr than aquatic macrophytes. Off-
site drift from the application site after ground-broadcast or aerial applications may cause
damage to sensitive plant species at distances of up to 500 feet. Peak concentrations of imazapyr
with the incoming tide could also result in adverse effects on aquatic macrophytes and non-
target vegetation. However, the tidal exchange of water would rapidly dilute these
concentrations to levels that do not cause acute damage to plants. The above-discussed studies
demonstrated the rapid dissipation and lack of persistence of imazapyr in the estuarine
environment. Longer-term concentrations of imazapyr in water are substantially below levels of
concern and are not expected to result in adverse effects to non-target vegetation. Best
management practices as identified in the Programmatic EIS/EIR and adopted by the
Conservancy as conditions of approval of the Spartina Control Program will reduce the
likelihood of effects on non-target vegetation.

Several significant data gaps were identified that introduce some uncertainty into the
risk assessment. However, the existing information on the toxicity and fate of imazapyr is
substantial and suggests that significant negative impacts would be unlikely in studies
addressing these data gaps — with the possible exceptions of effects on non-target plants.
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6.2.2 Human Health and Safety

The 2004 SERA report contained an exhaustive human health risk assessment for the
application of imazapyr in forestry applications, which evaluated worst-case scenarios for both
workers and members of the general public. Worst-case scenario application methods evaluated
in the 2004 SERA report correspond to those expected for applications in the estuarine setting
for control of non-native Spartina. This report scaled the effects from the lower application rates
of imazapyr for forestry applications to the maximum application rate proposed for the
Spartina Control Program.

Typical exposures to imazapyr did not lead to estimated doses that exceed a level of
concern for either workers or members of the general public at the maximum application rate of
imazapyr proposed for control of Spartina in the San Francisco Estuary. Based on the available
information and under the foreseeable conditions of application, it can be reasonably concluded
that workers or members of the general public will not be at any substantial risk from acute or
longer-term exposure to imazapyr at the application rate of 1.5 Ib/acre on non-native Spartina.

Mild irritation to the eyes can result from accidental splashing. This effect will be
minimized or avoided by exercising care to reduce splashing and wearing goggles during the
handling of the compound as required by the MMRP.

6.3 Comparison of Relative Ecological and Human Health Effects of Imazapyr versus
Glyphosate and Associated Adjuvants

The ecological and human health effects of the use of glyphosate for control of non-
native Spartina were addressed in the Programmatic EIS/EIR and thoroughly evaluated in an
ecological and human health risk assessment on the use of glyphosate for control of emergent
nuisance vegetation in aquatic wetlands in Washington State (WS FEIS 1993). These documents
concluded that the use of glyphosate in aquatic systems presents limited risks to some
ecological receptors.

Imazapyr has been demonstrated to be less toxic to aquatic organisms than glyphosate.
For example, a direct comparison test with rainbow trout established an inherent acute toxicity
of glyphosate to fish at more than 25-fold higher than for imazapyr. Given that the relationship
between fish and aquatic invertebrate toxicity for a given chemical rarely differs by more than
an order of magnitude, it is reasonable to expect a similar relationship to exist for aquatic
invertebrates for the toxicity of glyphosate compared to imazapyr. On a unit compound basis,
imazapyr is more effective than glyphosate for control of Spartina and is consequently applied
at considerably lower application rates. The resulting risk from imazapyr to aquatic organisms
is therefore considerably lower than that for glyphosate. In mixture with glyphosate herbicides,
toxicity is expected to additive only and synergistic effects are not likely.

The aquatic formulations of both herbicides must be mixed with surfactants for use on

post-emergent vegetation such as Spartina. The inherent risks of using either herbicide have
been shown to increase significantly when mixed with surfactants. Risks associated with
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glyphosate/surfactant mixtures increase more drastically than those for imazapyr/surfactant
mixtures for a number of reasons. First, most non-ionic surfactants that must be used with
glyphosate are inherently more toxic to aquatic organisms than the methylated or esterified
seed oils or silicone-based surfactants that can be used with imazapyr herbicides. (For example,
the non-ionic surfactants R-11® and LI-700® were determined to be 5 times as toxic as the
esterified seed oil Competitor®.) Second, glyphosate requires considerably higher spray
volumes than imazapyr and surfactants are mixed proportionally to the spray volume, resulting
in about twice as high surfactant concentrations for glyphosate tank mixes compared to
imazapyr tank mixes. (See Tables A-3a and A-3bA.) A number of less toxic surfactants are
available for use with imazapyr and have been demonstrated to be effective on Spartina.

Although glyphosate is highly soluble like imazapyr, it is not photolyzed in water and is
readily adsorbed to suspended particles and sediment. Its fate in an estuarine environment is
primarily determined by its strong adsorption to sediment particles and the rate of microbial
degradation. Concentrations of glyphosate in rhizomes of treated Spartina have been shown to
increase over several years after treatment. The residual biomass of Spartina could therefore
slowly release glyphosate into the environment. Therefore, glyphosate is predicted to be more
persistent than imazapyr in an estuarine environment.

In sum, due to the lower inherent toxicity of imazapyr to aquatic organisms, the ability
to use less toxic surfactants, the lower application rates, and the more rapid dissipation from the
environment, the use of an imazapyr herbicide in the estuarine environment presents an
improved risk scenario for aquatic and terrestrial animals over the use of glyphosate herbicides.

Adverse effects of imazapyr to directly sprayed non-target vegetation may be higher
compared to glyphosate due to the herbicide’s higher efficacy. These risks are particularly
pronounced for vascular plants. Because of the lower spray volumes used with imazapyr,
impacts due to drift may be lower.

6.4 Changes in Environmental Effects

The imazapyr herbicide Habitat® will be used on as many as 1,500 acres per year of tidal
wetlands for as many as four consecutive years to facilitate eradication of non-native Spartina.

Fewer adverse effects on aquatic and terrestrial animals are expected when using an
imazapyr herbicide as compared to a glyphosate herbicide. Potential adverse effects from their
combined use are also less than those expected for the use of a glyphosate herbicide alone. Due
to its higher efficacy, the use of imazapyr instead of glyphosate may result in potentially
increased adverse effects on non-target vegetation. In addition, effective Spartina eradication,
which requires little or no retreatment allows for recolonization of treated sites with native
species sooner than if multiple treatments have to be used over a number of years. Even so, it
can take a number of years for the ecosystem to restabilize itself after treatment with either
herbicide.
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The higher efficacy of imazapyr for control of Spartina may result in decreased impacts
due to potentially fewer applications over the years for the control of existing Spartina and a
better rate of control than could be achieved with glyphosate alone, which, in turn, would slow
the spread of Spartina through the Estuary. Fewer applications also imply fewer physical
adverse impacts to the estuarine ecosystem due to trampling, compaction of sediment, and so
forth.

6.5 Approaches to Minimize Increased Risk

The only potentially increased adverse effect due to the use of imazapyr instead of or in
combination with glyphosate is the increased risk to non-target vegetation. This effect can be
minimized by strictly adhering to the precautions identified in the Programmatic EIS/EIR and
adopted by the Conservancy as conditions of approval of the Spartina Control Program and
verified through the Conservancy’s adopted MMRP. For example, off-site drift would be
minimized by the adopted condition that requires ceasing application of imazapyr herbicides at
wind speeds exceeding 10 mph. Other mitigation measures proposed in the MMRP include,
for example, temporary covering of non-target vegetation with geotextiles, irrigation of
oversprayed non-target vegetation, and establishment of buffer zones. (See MMRP, pp. 6-11.)

6.6 Conclusions

The overall weight of evidence from this analysis suggests that imazapyr herbicides can
be a safe, highly effective treatment for control and eradication of non-native Spartina species in
the San Francisco Estuary, offering an improved risk scenario over the existing treatment
regime with glyphosate herbicides. Based on the evaluation presented in this report, it can be
concluded with reasonable certainty that the use of Habitat® (or any other imazapyr herbicide
for aquatic use) for the Spartina Control Program in the San Francisco Estuary, either by itself or
in combination with glyphosate, will not result in any significant impacts that were not already
identified in the Programmatic EIS/EIR for the use of glyphosate. From a CEQA perspective,
the potential significant impacts to biological resources, and human health and safety due to
imazapyr application, and mitigations required to reduce those impacts to less than significant
levels, are encompassed in those impacts and mitigations previously identified for glyphosate
application. Therefore, no additional mitigation is required for the use of imazapyr.
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Table A-1: Chemical description; degradation rates, products, and pathways; bioaccumulation ratings;
and advantages and disadvantages of imazapyr and glyphosate herbicides for estuarine use

Imazapyr Glyphosate
Trade Name Habitat® (Bayer Corporation) Rodeo® (Dow Chemical Company)
(Company) Aquamaster® (Monsanto Corporation)
Registration No. 81334-34-1 1071-83-6
Formulation Aqueous solution of isopropylamine salt of imazapyr plus Aqueous solution of isopropylamine salt of glyphosate;
acidifier; active ingredient: 28.7% isopropylamine salt of technical formulation contains 2,4-nitrosoglyphosate
imazapyr; equivalent to 22.6% imazapyr (“NNG”) impurity; active ingredient: 53.8% glyphosate
isopropylamine salt; equivalent to 48.0% glyphosate
Chemical name IUPAC: (RS)-2-(4-isopropyl-4-methyl-5-oxo-2-imidazolin-  IUPAC: N-(phosphonomethyl)glycine
2-yDnicotinic acid CAS: N-(phosphonomethyl)glycine

CAS: 2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-
1H-imidazol-2-yl]-3-pyridinecarboxylic acid

; o_  OH
Chemical formula T 7 y \P s
O M S | ;N—ch/ “on
/! cH,
CH,—CH N e o
by w07 o ||
a
Formula C13H15N303 C3H8N05P
Herbicide family Imidazolinone Organophosphorus
Mode of action Systemic, broad-spectrum (non-selective); Systemic, broad-spectrum (non-selective);
amino acid synthesis inhibitor, specifically, inhibits amino acid synthesis inhibitor; inhibits
acetohydroxyacid synthase (“AHAS”) aka acetolactase 5-enolpyruvylshikimate-3-phosphate synthase, needed by
synthase (“ALS”), the first enzyme in the synthesis of plants to synthesize chorismate, an intermediate
branched-chain aliphatic amino acids (valine, leucine, and = metabolic product in the synthesis of aromatic amino
isoleucine) and as a result inhibits protein synthesis and acids

cell growth

Molecular weight 261.28 g/mole imazapyr 169.08 g/mole glyphosate
320.42 g/mole imazapyr isopropylamine salt 228.22 g/mole glyphosate isopropylamine salt
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Table A-1 contd.: Chemical description; degradation rates, products, and pathways; bioaccumulation ratings;
and advantages and disadvantages of imazapyr and glyphosate herbicides for estuarine use

Imazapyr Glyphosate

Specific gravity 1.04-1.07 0.5

Minimum 1 hour 6 hours

drying time

Highest proposed 1.51ba.e./acre 10.8 Ib/acre

application rate

Rate of kill Very slow Relatively slow

Volatility Vapor pressure = 1.8x10-" mm Hg Extremely low vapor pressure, thus, negligible risk of
Henry’s Law constant of 7.1x10-77 atm m3/mole movement through volatility
No volatilization from dry soil surfaces; low volatilization
of imazapyr from water or moist soil surfaces.

Solubility Water: 11,272 mg/L Water: ~12,000 mg/L

Soil organic carbon
adsorption coefficient

Koc=8.81
Very low K. indicates low sorption potential.

Koc = 24,000
Very high K. indicates tight sorption to most soils,
suspended solids, and sediments in the environment.

Octanol/water
partition coefficient

Kow=022,13

Kow = 0.0003

Degradation Slow anaerobic microbial degradation. No degradation Primarily degraded by microbes and fungi in soil or
pathways under anaerobic conditions. Rapid photolysis in water. water, under both aerobic and anaerobic conditions.
Photodegradation in water and soil are not expected to
contribute significantly to glyphosate degradation.
Degradation Quinolinic acid Aminomethylphosphonic acid (“AMPA”); further
products degraded to carbon dioxide and phosphate.

Half-life in soil

ty, = 25-141 days

Average ty, = 32 days, based on 47 agricultural and
forestry studies. In most cases, >90% degraded within six
months after application.

Half-life in
benthic sediment

t, = <2 to 7 days

ti, = >3 to 12 months

Table A-1, page 2/3
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Table A-1 contd.: Chemical description; degradation rates, products, and pathways; bioaccumulation ratings;
and advantages and disadvantages of imazapyr and glyphosate herbicides for estuarine use

Imazapyr

Glyphosate

Half-life in water

No detectable degradation due to hydrolysis up to
30 days, pH 5-7
Average ty, = 1-4 days (photolysis)

ty, = 7-14 days

Bioaccumulation BCF =3; BCF in fish after 10-14 day exposure period = 0.2 to 0.3
Low potential for bioaccumulation Low potential for bioaccumulation in aquatic animals;
poorly absorbed when ingested by terrestrial mammals;
any absorbed glyphosate is rapidly eliminated resulting in
minimal tissue retention.
Advantages for — Rapid photolysis in water — Low leaching potential due to strong sorption to

estuarine use

— Shorter minimum drying time than glyphosate

— No adsorption to particles

— Formulation can be mixed with salt water

— Aerial applications require an order of magnitude
lower spray volumes than glyphosate

— Application is more cost-effective than application of
glyphosate

— Does not require use of non-ionic surfactants

soil/sediment particles

Disadvantages for
estuarine use

— Increased adverse effects to non-target emerged
vegetation due to higher efficacy on vascular plants

— Efficacy hindered by minimum drying time

— Inactivated by adsorption to sediment particles

— Formulation requires mixing with freshwater, which
is not readily available

— Aerial applications require large spray volumes,
which require frequent refilling of helicopter tanks

— Application is expensive

— Requires use of non-ionic surfactants

Table A-1, page 3/3
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Table A-2: Chemical properties, environmental fate, general toxicity rating, and toxicity of adjuvants

Adjuvant Degradation General Toxicity
(Manufacturer) Ingredients! Chemical Properties | Pathways Toxicity Rating (lowest reported)
Non-ionic Surfactants (“NIS”)
R-11°® (surface activator) 80% octylphenoxy — soluble in lipid and Slowly biodegraded by Mammals: practically 96-hr LCso, rainbow trout 3.8 ppm?
(Wilbur-Ellis Company) polyethoxyethanol, water progressive shortening of | non-toxic orally, mild 96-hr LCs, bluegill sunfish 4.2 ppm?
20% butanol and — flammable ethoxylate chain; skin irritation possible | 96-hr LCso, juvenile rainbow trout 6 ppm?®

compounded silicone

— specific gravity = 1.0

intermediate breakdown
products of polyethylene
glycol (anti-freeze) and
short-chain ethoxylates

Fish: Moderately toxic
Other aquatic biota:
slightly toxic

48-hr LCso, Daphnia spp. 19 ppm?
LDso oral, rabbit >5,840 mg/kg?
LDso dermal, rabbit >5,000 mg/kg?

X-77® (spreader activator) | Alkylarylpoly (oxy- — soluble in lipid and Slowly biodegraded by Mammals: practically 96-hr LCso, rainbow trout 4.2 ppm?
(Valent Corp.) ethylene) glycols, free fatty water progressive shortening of | non-toxic orally 96-hr LCs, bluegill sunfish 4.3 ppm?
acids, isopropyl alcohol — flammable ethoxylate chain; Fish and other aquatic 48-hr LCso, Daphnia spp. 2 ppm?

intermediate breakdown | biota: moderately toxic | LDso oral, rabbit >5,000 mg/kg?
products of polyethylene LDso dermal, rabbit >5,000 mg/kg?
glycol (anti-freeze) and
short-chain ethoxylates

Liberate® (penetrating Phosphatidylcholine — emulsifiable Biodegradation presumed | Mammals: practically 96-hr LCso, rainbow trout 17.6 ppm!

surfactant, deposition and
drift control agent)

(lecithin), methy] esters of
fatty acids, alcohol

— specific gravity = 0.976

rapid due to natural
lecithin ingredients

non-toxic orally,
moderate skin irritation

NOEC, rainbow trout 12.5 ppm!
48-hr LCso, Daphnia magna 9.3 ppm?

(Loveland Industries, Inc.) | ethoxylate possible NOEC, Daphnia magna 7.5 ppm?
LDsp oral, rat >5,000 mg/kg!
LDso dermal, rat >5,000 mg/kg!
LI-700® (wetting and Phosphatidylcholine — emulsifiable Biodegradation presumed | Mammals: practically 96-hr LCso, rainbow trout 17 ppm?

penetrating surfactant)
(Loveland Industries, Inc.)

(lecithin), methylacetic
acid, alkyl polyoxyethylene
ether

— not flammable
— specific gravity = 1.03

rapid due to natural
lecithin ingredients

non-toxic orally, causes
skin and eye irritation
Fish and other aquatic
biota: practically non-
toxic

24-hr LCso, rainbow trout 22 ppm?
96-hr LCs, juv. rainbow trout 700 ppm?®
96-hr LCs, bluegill sunfish 210 ppm?
48-hr LCso, Daphnia spp. 170 ppm3

LDsp oral, rat >5,000 mg/kg?

LDso dermal, rat >5,000 mg/kg?

Cygnet Plus
(Cygnet Enterprises)

75% d-limonene and
related isomers,

15% methylated vegetable
oil, 10% alkyl hydroxypoly
oxyethylene; manufactured
from natural limonene

— flammable
— specific gravity = 0.87

Mammals: causes skin
and eye irritation;
Fish: slightly toxic
Other aquatic biota:
moderately toxic

NOEC, Ceriodaphnia dubia 3.0 ppm*
96-hr LC50 Ceriodaphnia dubia 6.6 ppm*
NOEC, rainbow trout 30 ppm?*

96-hr LC50, rainbow trout 45 ppm*
NOEC, fathead minnow 15 ppm*

96-hr LC50, fathead minnow ppm?*

Esterified Seed Oils (“ESOs”) or Mehylated Seed Oils (“MSOs”)

Competitor®
Wilbur-Ellis Company)

Ethyl oleate, sorbitan alkyl
polyethoxylate ester,
dialkyl polyoxy-ethylene
glycol

— soluble in water
— combustible
— specific gravity = 0.9

Fish: slightly toxic
Other aquatic biota:
practically non-toxic

96-hr LCs, rainbow trout 95 ppm?
48-hr LCso, Daphnia spp. >100 ppm?
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Table A-2 contd.: Chemical properties, environmental fate, general toxicity rating, and toxicity of adjuvants

Adjuvant
(Manufacturer)

Ingredients!

Chemical Properties

Degradation
Pathways

General
Toxicity Rating

Toxicity
(lowest reported)

Crop Oil Concentrates (“COC”)

Agri-Dex® (wetting and
penetrating agent)
(Helena Chemical
Company)

Proprietary; heavy range
paraffin-based petroleum
oil with polyol fatty acid
esters and
polyethoxylyated
derivatives

— dispersible in water as
micelles
— moderately flammable

Biodegradation presumed
rapid

Mammals: practically
non-toxic through oral
ingestion, mild skin and
eye irritant; Fish and
other aquatic biota:
practically non-toxic

96-hr LCso, rainbow trout 271 ppm?
24-hr LCso, rainbow trout 386 ppm?
96-hr LCs, juv. rainbow trout 271 ppm?®
48-hr LCso, Daphnia spp. >1,000 ppm3
LDsp oral, rat 5,010 mg/kg?

LDso dermal, rabbit >2,020 mg/kg?

Silicone-based Surfactants

Dyne-Amic® (activator,
spreader-sticker, wetting
and penetrating agent,
buffer)

(Helena Chemical
Company)

Organosilicone ,
methylated vegetable oil

Fish and other aquatic
biota: slightly toxic

96-hr LCso, rainbow trout 23.2 ppm?
48-hr LCso, Daphnia spp. 60 ppm?

Kinetic® (spreader-sticker, | Organosilicone, Fish and other aquatic 96-hr LCs, rainbow trout 13.9 ppm?
wetting agent) polyoxypropylene- biota: slightly toxic 48-hr LCso, Daphnia spp. 60.7 ppm?
(Helena Chemical polyoxyethylene

Company) copolymer

Colorants

Blazon® Spray Pattern
Indicator “Blue”
(Milliken Chemical)

Proprietary; 30% non-ionic
polymeric colorant,
70% water

— pH=70
completely soluble in
water

specific gravity = 1.07
mildly acidic

Mammals: practically
non-toxic orally; mild
skin irritant; not
mutagenic

LDso rat >5,000 mg/kg!

1 Manufacturer specimen labels
2 Referenced in Entrix 10/03.

3 Erik Johansen, Washington State Department of Agriculture, Memorandum Re: Summary of Acute Toxicity Data for Five Spray Adjuvants, February 4, 2004.

4 Pacific Ecorisk, An Evaluation of the Acute Toxicity of “CYGNET PLUS” to Ceriodaphnia dubia (water flea), Oncorhynchus mykiss (rainbow trout), and Pimephales promelas (fathead
minnow), December 10, 2004.

5 King et al. 2004.

Table A-2, page 2/2
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Table A-3a: Imazapyr herbicide mixture component concentrations and application rates
for treatment of non-native Spartina in San Francisco Estuary

Application Method  Spray Volume Formulation Active Ingredient! Surfactant? Colorant
. 0 . 0.25% v/v NIS with 270% a.i.;
E;iggeﬁgl?ia or 100 gal/acre Oié—o.ﬁf/igloutlsln 1-1.51b a.e./acre ~1% v/v MSO, ESO, or VOC; 3 qt/100 gal
pray P 5 SBS according to label
. o . 0.25% v /v NIS with 270% a.i.;
SLOrVZ";‘;lume directed 55 a1 /acre 10'273'}1'5 i/;fso/l;(;lozl 03-06lbae/acte  ~1%v/vMSO, ESO, or VOC; 3 qt/100 gal
pray AP 5 SBS according to label
o . 0.25% v/v NIS with 270% a.i.;
ilol_?iC:St Tiii?;rrl/ 10-30 gal/acre E'S-izl'fsflsoci;%uog 0.5-1.51b a.e./acre ~1% v/v MSO, ESO, or VOC; 0.5-1.5 qt/acre
PP p & SBS according to label

1 Active ingredient in Habitat® is imazapyr isopropylamine salt; values expressed as imazapyr acid equivalent

2 NIS = non-ionic surfactant; MSO = methylated seed oil; ESO = esterified seed oil; VOC = vegetable oil concentrate, SBS = silicone-based surfactant, %v/v = percentage based on
volume by volume

Table A-3b: Glyphosate herbicide mixture component concentrations and application rates
for treatment of non-native Spartina in San Francisco Estuary

Application Method Spray Volume Formulation Active Ingredient: Surfactant?*

Colorant
High volume 1-2% solution o . o
handheld sprayer 100 gal/acre 1-2 gal /100 gal 4-81b a.e./acre 20.5% v/v NIS with 250% a.i. 3 qt/100 gal
Low-volume 25200 gal/acre Lo solution 4o 1 g lbsae/acre  20.5% v/v NIS with 350% ai. 3 qt/100 gal
directed sprayer & 1-8 gal /100 gal ' ' o R e 1 &
Broadcast sprayer/ 7-40 gal/acre/ . o . o
Aerial application 7-20 gal /acre 4.5-7.5 pints/acre 2.25-3.751b a.e./acre 20.5% v /v NIS with 250% a.i. 0.5-1.5 qt/acre

1 The active ingredient in Rodeo® and Aquamaster® is glyphosate isopropylamine salt; values are expressed as glyphosate acid equivalent
2 NIS = non-ionic surfactant, %v/v = percentage based on volume by volume
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Table A-4: Worst-case concentration of imazapyr herbicide dissolved in leading edge of incoming tide
Assumptions

Worst-case occurs on the leading edge of lateral flow from overtopped channel through an herbicide-treated marsh

Herbicide was uniformly sprayed across the entire marsh surface (but not in channels) at an application rate r = 15.6 mg a.e./sqft
The herbicide applied on a unit area (1 sqft) is therefore mass m = 15.6 mg a.e.

The herbicide dissolves completely in the incoming water

A percentage, p, of the herbicide sticks to the vegetation canopy, and does not dissolve in the first one foot of flow depth
Incoming tidal water overbanks channel and flows laterally across the surface of the marsh to a maximum distance D

Water flow across marsh (after it leaves channel) has a uniform depth d = 1ft

A percentage, s, of the active herbicide that was deposited onto the sediment surface dissolves into the water column

The dissolved herbicide is instantly fully dissolved in the first unit volume that flows through

No evaporation

No rain or other input of fresh water

Application rate
Habitat® label application rate: 4-6 pints per acre Label indicates 2 pounds imazapyr acid equivalents per gallon Habitat®
6 pints/acre 1.5 b a.e./acre
= 0.75 gal/acre = 15.61 mga.e./ft’

Variables (p, D, and s can be varied):

r= 15.61 mga.e./ft’ Herbicide application rate
m= 15.61 mg a.e. Initial mass of herbicide per unit area (per 1 t%)
p= 0% Percentage of applied herbicide that is absorbed into vegetation canopy
= 1 ft Depth of water flow across marsh (1 ft allows unit volume calculations)
= 100 ft Distance of lateral flow across the marsh surface”
s= 60% Percentage of herbicide reaching the sediment that resuspends into water column
C= ? Concentration of herbicide in water column (mg a.e./ ft)
Equationb . . .
C=m x (1-p) x D x s = (mass per unit area) x (1-percent absorbed by plant canopy) x (percent dissolved in water column) x
(number of units through which water flows)
Computed Concentration C = m 1-p D s = 937 mg/ft’
15.61 100% 100 60% 33.1 mgyliter
Notes

a) Most Spartina infested marshes in the San Francisco Estuary that will become inundated by tidal water in the days following imazapyr application have a multitude of channels
throughout the marsh that will transport water directly from the San Francisco Bay before overbanking and causing lateral flow across the marsh. In these marshes there would be a
maximum of 100 feet of lateral flow through sprayed marsh before meeting with another flow.

b) Calculation does not take into account potential decay during period of time between spraying and water inundation nor any decay that might occur in water column once the
herbicide is resuspended from sediment.



Exhibit 5: Addendum to the ISP FEIS/R

Table A-5: Ecotoxicity categories for acute toxicity of pesticides to wildlife!

Mammals Birds

Acute Oral or Acute Inhalation Acute Oral Acute Inhalation
Toxicity Category Dermal LDs (mg/kg) LCs (ppm) LDsp (mg/kg) LCs (ppm)
Very highly toxic <10 <50 <10 <50
Highly toxic 10-50 51-500 10-50 50-500
Moderately toxic 51-500 501-1000 51-500 501-1,000
Slightly toxic 501-2,000 1001-5000 501-2,000 1,001-5,000
Practically non-toxic >2,000 >5,000 >2,000 >5,000

Table A-6: Ecotoxicity categories for acute toxicity of pesticides to aquatic organisms!

Fish or Aquatic Invertebrates
Toxicity Category Acute Concentration
LCs (mg/L)

Very highly toxic <0.1

Highly toxic 0.1-1

Moderately toxic >1-10

Slightly toxic >10-100

Practically non-toxic >100

Table A-7: Ecotoxicity categories for acute toxicity of pesticides to insects!

. . Concentration
Toxicity Category (ug/bee)
Highly toxic <2
Moderately toxic 2-11
Practically non-toxic >11

1U.S. EPA, Technical Overview of Ecological Risk Assessment, Analysis Phase: Ecological Effects Characterization, September 28, 2004.



Exhibit 5: Addendum to the ISP FEIS/R

Table A-8: Toxicity of imazapyr to mammals

Animal  Administration Testing Facility
Test Substance Species  Route Gender LDs, or EDsp Effect3 (Reporting Year)
Rat oral 3 >5,000 mg/kg b.w. NOEL . '
? >5,000 mg/kg b.w. NOEL American Cyanamid
C 1983)!
. Rabbit dermal 3 >2,000 mg/kg b.w. NOEL ompany (1983)
Imazapyr technical Q >2,000 mg/kg b.w. NOEL
Rat inhalator J >1 ppm ND Food and Drug Research
y Q >1 ppm ND Laboratories (1983)!
(analytical)
AC 243,997 (93% pure) Rat inhalation 349 >1.3 ppm L Voss et al. (1983)2
oral 3 >10,000 ppm diet DA
Q >10,000 ppm diet DA
DA, B, A,S,
3 4,200 mg/kg b.w. CY, C,
intraperitoneal DBW
Rat P DA, B, A, S,
Q 3,700 mg/kg b.w. CY, C,
DBW
subcutaneous 3 >5,000 mg/kg b.w. DA
Imazapyr Q >5,000 mg/kg b.w. DA Medical Scientific
isopropylamine 3 >2,000 mg/kg b.w. NOEL
. dermal Research, Laboratory
technical Q >2,000 mg/kg b.w. NOEL (1983)!
(49.3% a.i.) oral 3 >10,000 mg/kg b.w. DA
? >10,000 mg/kg b.w. DA
DA, B, A,S,
3 3,450 mg/kg b.w. CY, C,
. . DBW
Mouse 1ntraper1toneal DA, B, A, S,
Q 3,000 mg/kg b.w. CY, C,
DBW
3 >5,000 mg/kg b.w. DA, B,S
subcutaneous Q >5,000 mg/kebw. DA, B, S




Exhibit 5: Addendum to the ISP FEIS/R

Table A-8 contd.: Toxicity of imazapyr to mammals

Animal  Administration Testing Facility
Test Substance Species  Route Gender LDs, or EDsp Effect3 (Reporting Year)
3 >5,000 mg/kg b.w. DA American Cyanamid
Rat oral X
? >5,000 mg/kg b.w. DA Company (1983)
Mouse oral 3 >5,000 mg/kg b.w. DA American Cyanalnnd
Imazapyr ? >5,000 mg/kg b.w. DA Company (1986)
isopropylamine . 3 >2,148 mg/kg b.w. NOEL American Cyanamid
(25% a.i.) Rabbit  dermal o >2,148 mg/kg b.w. NOEL  Company (1983)!
Rat inhalator J 202 NOEL Food and Drug Research
y Q >0.2 (analytical) NOEL Laboratories (1983)!
Arsenal® 4-AS Rat inhalatory 3+2 >4.62 ppm L (}1131;6})1? an & Moore
Chopper®RTU (NOS)  Rat inhalatory 3+2 >3.34 ppm L Werley (1987)2
1 cited in Entrix 10/03.

2cited in SERA 12/04, Appendix 1

3 Acronyms: A = ataxia (loss of ability to coordinate muscular movement); B = blepharoptosis (drooping of upper eyelid); b.w. = body weight; C = convulsion;

CY = cyanosis (bluish discoloration of skin and mucous membranes resulting from inadequate oxygenation of blood); DA = decreased activity; DBW = decreased body
weight; EDso = dose causing 50% inhibition of a process; L = lethality; LDso = lethal dose, 50% kill; ND = nasal discharge; NOEL = no-observable-effect level (no toxic
signs); NOS = not otherwise specified; S = sedation



Exhibit 5: Addendum to the ISP FEIS/R

Table A-9: Toxicity of imazapyr to birds

Test
Test Substance  Species (Observed Effect) Result*
LDso, 18-weeks dietary i;(g)gomn;gl%i 1;;31) (i;ft
NOEL, 18-weeks dietary 182%% mg// 11<<g I{)IDT
Northern bobwhite quail >5000mg 1% CIN 't
LDso, 5-day acute dietary 674 mn;%ig%) vize
Arsenal® NOEL, 5-day acute dietary E%(;Z ﬁg//llig Il;I?VT
(identical with — I§ - E ;iie.t
Habitat® LDso, 18-weeks dietary 200 mg% kg%) W
NOEL, 18-weeks dietary 1%%% mgélf(g ilet
Mallard duck mg/Kg W
. >5000 mg/kg diet
LDso, 5-day acute dietary ~674 mg/ kg b.w
NOEL, 5-day acute dietary o0 r;g 1;2 HDT

* Fletcher 1983a, 1983b, Fletcher et al. 1984a, 1984b, 1984c, 1984d, 1995a, 1995b; all in SERA 12/04, Appendix 3




Exhibit 5: Addendum to the ISP FEIS/R

Table A-10: Toxicity of imazapyr and imazapyr herbicide/surfactant mixtures to fish

Test Substance + Surfactant Animal Species Test Result Reference
0 —
Azlés;{;a! Herb1c1di Hast 96-hr LCsp 113 ppm surfactant
(28.7% imazapyr) + Hasten Smith et al. 20021
Arsenal®Herbicide 96-hr LC 479 ppm surfactant
(28.7% imazapyr) + Agri-Dex® Rainbow trout, juvenile > PP
Arsenal® Herbicide (Oncorhynchus mykiss) 77,716 ppm of concentrate ~ Grue 2003!
o 96-hr LC50 .
(28.7% imazapyr) 22,305 mg imazapyr a.e.,/L.  Kingef al. 2004
® 43,947 f trat
Arsenal® Concentrate 96-hr LCsy ppn} ot concentrate - 16 20031
(53.1 a.i. imazapyr) 23,336 mg imazapyr a.e./L
AC 243,997 with Cohle & McAllister
isopropylamine in water 96-hr LG >1000 mg/L 1984a?
Arsenal® Herbicide Bluegill sunfish Cohle & McAllister
(22.6% purity) (Lepomis macrochirus) 96-hrLCso 180 mg/L 1984b2
AC 243,997 Kintner & Forbis
(99.5% purity) 96-hrLCx  >100 mg/L 1983a2
Rainbow trout
(Salmo gairdneri)
Channel catfish Peoples 19842
Imazapyr NOS (Ictaluras punctatis) 96-hrLGCso >100 mg/L Gagne et al. 19942
Bluegill sunfish
(Lepomis macrochirus)
Arsenal® Herbicide Cohle & McAllister
(22.6% purity) 96-hr LG 110 mg/L 1984c?
Rainbow trout
® . , .
Arsenal® Herbicide (Salmo gairdreri) 96-hr LG50 >110 mga.e./L Drotter et al. 19952

(21.5% purity)




Exhibit 5: Addendum to the ISP FEIS/R

Table A-10 contd.: Toxicity of imazapyr and imazapyr herbicide/surfactant mixtures to fish

Test Substance + Surfactant Animal Species Test Result Reference
NOEC 120 mga.i./L
éiﬁf;’;ggs) LOEC >120 mg/L Drotter et al. 19982
Fathead minnow g/éAdTC >120 mg/L
Pimephales promelas ~day i
AC 342,997 (Pimephales p ) NOEC >118 mga.i./L
0 . >118 mg a.i./L Drotter et al. 19992
(99.6% purity) LOEC >118 i/L
MATC mg a.i.
Atlantic silverside
gg 52;3'93; ) (marine) 96-hrLCsy 184 mg/L Manning 198922
=% purity (Menidia menidia)
24-hr LCsp 4,670 pg/L
Nile tilapia 48-hr LCso 4,630 pg/L
(Tilapia nilotica) 72-hr LCsp 4,610 png/L Supamataya et al.
Imazapyr NOS 96-hr LCs 4,360 pg/L 19812
Silver barb 24-hr LG5 2,706 pg/L
(Barbus genionotus) 96-hr LG5 2,706 pg/L
1 cited in Entrix 10/03
2 cited in SERA 12/04

Abbreviations: LCso = lethal concentration, 50% kill; LOEC = lowest-observable-effect concentration; MATC = maximum allowable toxicant concentration;

NOEC = no-observable-effect concentration (no toxic signs); NOS = not otherwise specified

Table A-10, page 2/2



Exhibit 5: Addendum to the ISP FEIS/R

Table A-11: Toxicity of imazapyr and imazapyr/surfactant mixtures to aquatic invertebrates

Test Substance Species Test Result Reference
(observed effect)
Arsenal® Applicator’s . . .
Concentrate Freshvyater benthic In-situ microcosm >18.4 mg/L (HDT) Fowlkes et al. 2003
. macroinvertebrates NOEC, (D, BM)
(479 g imazapyr a.e./L)
Arsenal®Herbicide NOEC 180 mg/L . )
(22.6% purity) 48-hr LCs 350 mg/L Forbis et al. 1984
®
Arse.nal B Freshwgter water flea 48-hr LCsy 79.1 mg imazapyr a.e./L
+ unidentified surfactant  (Daphnia magna) .
- Cyanamid 19971
NOEC 40.7 mg imazapyr a.e./L
48-hr ECs (?) 373 mg imazapyr a.e./L
A 1® Eastern oyster ECs (G) >132 mg imazapyr/L
rsena (Crassostrea virginica) NOEC >132 mg imazapyr/L (HDT) )
Pink shri ) Mangels & Ritter 2000?
Ink shrimp ECso (9) >132 mg imazapyr/L
(Penaeus duorarum) % >132 mg imazapyr/L (HDT)
Freshwater water flea .
l(?;lffézlg; (Daphnia magna) 421;1:1}5 ESSO 388 Eg ;Ezzzpyi Z'E';E Kintner & Forbis 19832
(<24 hours old) %0 & pyra.e.
AC 243,997 Freshwater water flea 7,14, 21-day NOEC 97.1 mg/L (HDT, MATC) . )
(99.5% a.i) (Daphnia magna) (S/R/G) Manning 1989
AC 243,997 Grass shrimp ) BCF <1 (not calculable) Drotter et al. 19962
(purity NOS) (Paleomonetes pugio)
purty BCF <1 (not calculable) Drotter et al. 19962
AC 243,997 Eastern oyster )
(99.6% purity) (Crassosstrea virginica) EG0(G) >132 mg/L Drotter et al. 1997
AC 243,997 96-hr ECs (G) >173 mg/L Ward 19892

(99.5% purity)

1 cited in Entrix 10/03

2 cited in SERA 12/04, Appendix 4

Abbreviations: BM = biomass, D = deformity, S = survival; R = reproduction; G = growth; HDT = highest dose tested;
MATC = maximum allowable toxicant concentration




Exhibit 5: Addendum to the ISP FEIS/R

Table A-12: Toxicity of imazapyr and imazapyr/surfactant mixtures to non-target aquatic vegetation

Test
Test Substance  Species (Observed Effect) Result Reference
Green algae ECs (G) 71 mg/L Hughes 19872
(Selenastrum capricornutum) ECos (G) 78 mg/L Mangels & Ritter 2000!
Freshwater diatom ECso (G) >59 mg/L . X
(Navicula pelliculosa) ECx (G) >59 mg/L Mangels & Ritter 2000
Saltwater diatom ECso (G) 85 mg/L )
Technical grade  (Skeletonema costatum) ECys (G) 422 mg/L Hughes 1987
imazapyr Blue-green algae ECso (G) 117 mg/L . X
(Anabaena flos-aquae) ECys (G) 73 mg/L Mangels & Ritter 2000
Green algae . )
(Chlorella emersonii) ECs (G) 0.2mg/L Landstein et al. 1993
Duckweed ECs (G) 0.024 mg/L )
(Lemna gibba) ECy (G) 0013 mg/L  |lughes1987
ECos (G shoots) 0.013 mg/L
ECso (G shoots) 0.032 mg/L
Common water milfoil EC»s (# roots) 0.022 mg/L )
(Myriophyllum sibiricum) ECso (# roots) 0.029 mg/L Roshon et al. 1999
Arsenal®+ ECos (G roots) 0.0079 mg/L
unidentified ECs (G roots) 0.0099 mg/L
surfactant Green algae ECso (G) 14.1 mg/L ) )
(Selenastrum capricornutum) ECys (G) 8.36 mg/L Mangels & Ritter 2000
Duckweed LG 24 ppb Mangels & Ritter 2000
(Lemna gibba) ECs0 (G) 00216 mg/L \r- 1 2els & Ritter 20001
8 EC» (G) 0.0132 mg/L 5
! cited in Entrix 10/03.

2 cited in SERA 12/04, Appendix 4.

Abbreviations: S = survival; R = reproduction; G = growth; HDT = highest dose tested;
MATC = maximum allowable toxicant concentration




Exhibit 5: Addendum to the ISP FEIS/R

Table A-13: Toxicity endpoints for risk quotient calculation and levels of concern for interpretation of risk quotients

Aquatic Mammals Birds Aquatic Non-endangered  Endangered
animals vascular plants plants plants
and algae
Assessment
Acute ECsp or LCso LDs oral LDs oral ECsp ECys seedling EC5 seedling
acute toxicity emergence and emergence and
vegetative vigor vegetative
vigor or NOEC
Chronic NOEC early- NOEC NOEC
life stage or full ~ 2-generation 21-week
life-cycle tests ~ reproduction reproduction
Levels of concern (risk quotient greater than)
Acute risk 0.5 0.5 0.5 1.0 1.0 1.0
Acute restricted use 0.1 0.2 0.2
Acute risk endangered species 0.05 0.1 0.1
Chronic risk 1.0 1.0 1.0

U.S. Environmental Protection Agency, Technical Overview of Ecological Risk Assessment, Analysis Phase: Ecological Effects Characterization and Risk Characterization,

September 28th, 2004.
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